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Abstract 

This work is an account of the phytochemistry and biological activity of two related plant species 

within the plant family the Fabaceae, Sophora velutina from the subtribe Sophoreae and 

Calpurnia aurea of the subtribe Podalyrieae.  Members of this family are known to contain 

quinolizidine alkaloids and flavonoids, which are chemotaxonomic markers in the Fabaceae. 

 

The phytochemical investigation of Sophora velutina resulted in the isolation of ten compounds, 

including five novel quinolizidine alkaloids, N-methylenehydroxycytisine (A-1), 7-

hydroxylupanine (A-2), 6,7-dihydroxylupanine (A-3) and 17-oxo-thermopsine (A-4) from the  

fruits and velutinine (A-5) from the bark along with the known quinolizidine alkaloids N-

methylcytisine (A-6) and cytisine (A-7), and a cinnamate ester, methyl-3-(3',4'-

dimethoxyphenyl)-2-propenoate (A-8) and triterpenoids lup-20(29)-ene-3β-ol (A-9) and 12-

oleanen-3-one (A-10).  The isolated compounds were tested for their antibacterial activity 

against Enterococcus faecalis and Pseudomonas aeruginosa. P. aeruginosa showed resistance 

against eight of the ten samples tested with only the cinnamate ester and the steroid 12-oleanen-

3-one (A-10) being slightly active at 200 and 175 μg mL
-1

, respectively.  However, the 

quinolizidine alkaloid, N-methylcytisine (A-6) and 12-oleanen-3-one (A-10) showed good 

antibacterial activity against E. faecalis, with MIC values of 20.8 and 10.9 μg mL
-1

, respectively, 

with 17-oxo-thermopsine (A-4), another quinolizidine alkaloid, and the cinnamate ester showing 

moderate antibacterial activity against E. faecalis at concentrations of 125 μg mL
-1

 and 100 μg 

mL
-1

, respectively.  
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Calpurnia aurea yielded five isoflavones, 4′,5,7-trihydroxyisoflavone (B-1), 7,3′-dihydroxy-5′-

methoxyisoflavone (B-2), 7-hydroxy-4′,8-dimethoxyisoflavone (B-3), 7-acetoxy-4′,8-

dimethoxyisoflavone (B-4) and 3',7-dihydroxy-4′,8-dimethoxyisoflavone (B-5), a pterocarpan (3-

acetoxy-9-methoxypterocarpan) (B-6) and a quinolizidine alkaloid (calpurnine) (B-7) all of 

which were isolated from the stem and bark. These isoflavones were screened for in vitro 

anticancer activity against breast (MCF7), renal (TK10) and melanoma (UACC62) human cell 

lines, where 3',7-dihydroxy-4′,8-dimethoxyisoflavone (B-5) was found to be the most active 

amongst all the compounds tested, followed by 3',7-dihydroxy-5'-methoxyisoflavone (B-2), also 

with a hydroxyl and methoxy group on the phenyl ring but in the 3' and 5' positions, respectively. 

 

Elucidation of the compounds was done mainly by 1D and 2D NMR spectroscopy together with 

mass spectrometry, infrared, and ultraviolet spectroscopy.  Antibacterial and anticancer assays 

were carried out using standard assays at the Centre for Scientific and Industrial Research 

(CSIR), Pretoria, South Africa. 
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Compounds isolated from Sophora velutina subsp. zimbabweensis 
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Compounds isolated from Calpurnia aurea 
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ABBREVIATIONS 

 
13

C NMR  C-13 nuclear magnetic resonance spectroscopy 

1
H NMR  proton nuclear magnetic resonance spectroscopy 

Ac  acetate 

aq  aqueous 

aq EtOH aqueous ethanol 

aq MeOH aqueous methanol 

br  broad resonance 

c  concentration 

cc  column chromatography 

cGMP  cyclic guanosine monophosphate 

CO  Cladosporium oxysporum 

CD3OD deuterated methanol 

CDCl3  deuterated chloroform 

COSY   correlated spectroscopy 

COX  cyclooxygenase 

CSIR  Council for Scientific and Industrial Research 

d  doublet 

dd  double doublet 

DEPT   distortionless enhancement by polarization transfer 

DNA  deoxyribonucleic acid 

DNP  dictionary of natural products 

EIMS   electron impact mass spectroscopy 

FO  Fusarium oxysporum 

GI  growth inhibition 

HMBC  heteronuclear multiple bond coherence 

HPLC  high pressure liquid chromatography 

HREIMS high resolution electron impact mass spectroscopy 

HSQC   heteronuclear single quantum coherence 

IR  infrared 

m  multiplet 
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MB  Marssonina brunnee 

Me  methyl 

MIC  minimum inhibitory concentrations 

Mp  melting point 

MS  mass spectroscopy 

NOESY nuclear overhauser effect spectroscopy 

PDE-5  Phosphodiesterase type 5 

RSA   radical scavenging activity 

s  singlet 

SRB  sulforhodamine 

SS  Sphaeropsis sapinia 

t  triplet 

TCA  trichloroacetic acid 

TGI  total growth inhibition 

TLC  thin layer chromatography 

UV  ultraviolet 

VP  Valsa pini 

MIC  minimum inhibitory concentration 
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Chapter 1. Introduction to the Fabaceae 

1.1 Phylogeny 

The Fabaceae is a member of the Angiospermae (flowering plants) and consists of about 750 

genera with over 18,000 species (ILDIS, 2001). 

 

The plants which are mainly trees, shrubs or climbers are grouped into the three subfamilies 

(Scheme 1) based on morphological characteristics using either the appearance of their flowers, 

pods or leaves. These genera are distributed between three subfamilies, the Papilionoideae, 

Mimosoideae and Caesalpinoideae. 

 

In the Mimosoideae, the flowers within a whorl are radially symmetric with similar petals in 

shape and size and their leaves are bipinnate (having leaflets on each side of a common axis, 

which are further subdivided into smaller leaflets) and the flowers of the Caesalpinoideae and 

Papilionoideae are bilaterally symmetric with the size and the shape of the petals in a given 

whorl being different.  The differences between the Caesalpinioideae and Papilionoideae are 

twofold:  the sepals which are often separate in Caesalpinioideae are united at the base in the 

Papilionoideae and the radicles in the seeds are straight in Caesalpinioideae and curved in 

Papilionoideae (Germishuizen, 2000). 

 

The species studied in this work belong to two tribes in the Papilionoideae subfamily, the 

Podalyrieae and Sophareae.  Initially, the two plants were considered to belong to the same tribe 

Sophoreae but later studies have placed Calpurnia (Polhill, 1994) together with Cadia (van Wyk 
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and Shuttle, 1995) under the tribe Podalyrieae.  The two tribes differ in that Sophoreae are trees, 

shrubs and climbers having pinnate leaves while Podalyrieae are mainly shrubs with palmate or 

digitative leaves (emanating from a point or a centre) and in rare instances the leaves are reduced 

to scales (Germishuizen, 2000). 

 

The two species studied belong to different genera, Sophora and Calpurnia.  Sophora differs 

from Calpurnia in that their fruits and flowers show some significant differences. In Sophora 

fruit, the seeds within a given pod are at regular intervals (moniliform) and their flowers are 

white or yellow and rarely blue-violet.  Calpurnia fruits are winged and have yellow flowers 

(Germishuizen, 2000). 

 

The Sophoreae is made up of 30 genera and 232 species while the Podalyrieae consists of 26 

genera and 125 species (Nkonki et al., 2003). 
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Scheme 1  Phylogeny of the Fabaceae  

*Numbers occurring in parenthesis are the number of genera within the tribe. 

 

 

 

Fabaceae 

Papilionoideae 

Caesalpinoideae 

Mimosoideae 

Family 

Subfamily 

Tribe 

Ingeae (8) 

Acacieae (1) 

Eumimoseae (5) 

Adenantheraceae (12) 

Parkieae (2) 

Sclerolobieae (10) 

Eucaesalpinieae (16) 

Cassieae (11) 

Bauhinieae (3) 

Amhersisteae (23) 

Dimorphandreae (3) 

Cynometreae (10) 

Podalyrieae (26)* 

Genisteae (56) 

Trifolieae (6) 

Loteae (4) 

Galegeae (54) 

Hedysareae (46) 

Vicieae (6) 

Phaseoleae (47) 

Dalbergieae (25) 

Sophoreae (30) 

Swartizieae (5) 
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1.2 Ethnobotanical information of Sophora and Calpurnia 

There has only been one report on the medicinal use of Calpurnia, that being the use of 

Calpurnia aurea as an insecticide to kill animal lice (Waka et al., 2004). There is no recorded 

use of Sophora velutina in traditional medicine, however other species of Sophora have a long 

list of medicinal uses, with the most popular medicinal use being for its anti-inflammatory, 

analgesic, antipyretic and anti-cancer properties (Table 1).  There are also many other uses listed 

in Table 1.  There has been a substantial amount of literature on the ethnomedicinal uses of 

Sophora flavescens in particular, being used for its antibacterial, antiviral and anti-diarhoeal 

properties, for skin disorders such as eczema, dermatitis, pyogenic skin infections, carbuncles, 

scabies, colpitis, leucorrhea, jaundice, hemorrhaging and hepatitis B (Perry and Metzger, 1980; 

Yoshikawa et al., 1985; Tang and Eisenbrand, 1992; Kuroyanagi et al., 1999; Kang et al., 2000; 

Ma et al., 2002; Ding et al., 2006a; Zhang et al., 2006; Jeong et al., 2008; Jung, 2008).  The 

flowers of Sophora japonica has also been used as a blood-staunching agent (Wang et al., 2006) 

and the fruits were reported to have haemostatic properties (Tang et al., 2001).  In addition, the 

fruit of S. japonica was reported to have anti-fertility effects (Krishna et al., 2012). 

 

Sophora tomentosa is associated with cholera and diarrhoea (Perry and Metzger, 1980) and 

Sophora exigua is used to treat respiratory diseases (Pongboorod, 1950) which could be caused 

by bacterial infections.  S. flavescens, S. grifithi and S. tonkinensis are used as stomachics (Lee et 

al., 2005; Ding et al., 2006a,b; Liu et al., 2006; Deng et al., 2007).  S. flavescens is also used for 

gastroenteritis and acute dysentery and S. subprostrata is used for peptic ulcers as well as to 

remove pathogenic heat and to remove toxins (Perry and Metzger, 1980; Sakamoto et al., 1992).  

Sophora moorcroftiana is used as a detoxicant (Ma et al., 2007).  Sophora alopecuroides is used 
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for its sedative and anti-hypothermic properties (Yuan et al., 1986).  S. flavescens, S. 

moorcroftiana and S. secundiflora have been reported to be used for its anthelmintic and 

parasitic properties (Lee, 1966; Chiang, 1977; Yoshikawa et al., 1985; Tang and Eisenbrand, 

1992; Huang, 1993; Woo et al., 1998; Kuroyanagi et al., 1999; Ma et al., 2007).  Sophora 

moorcroftiana is used as an emetic (Ma et al., 2007).   

 

S. flavescens, S. grifithi, S. secundiflora and S. tonkinensis are used as diuretics (Lee, 1966; 

Chiang, 1977; Perry and Metzger, 1980; Yoshikawa et al., 1985; Huang, 1993; Liu et al., 2006; 

Deng et al., 2007).  The use of these plants as diuretics and S. tomentosa for hypertension could 

be related since diuretics are used to control hypertension.  S. viciiffolia is relatedly used for 

cystitis and haematuria (Perry and Metzger, 1980; Xiao, 1993) and in addition is used for 

oedema (Xiao, 1993).  S. tonkinensis is also used for the treatment of haemorrhoids (Xiao, 1999).  

S. flavescens, S. secundiflora and S. tomentosa are all used as antidotes (Chen and Jiang, 1994; 

Perry and Metzger, 1980).  S. grifithi has been used as an insecticide and S. viciifolia as an 

antifeedant (Liu et al., 2006; Rai, 2006).  The seeds of S. secundiflora may also have narcotic 

effects as it is used as a hallucinogenic and emetic during traditional ceremonies (Farnsworth, 

1968; Schultes, 1969; 1970). 

 

From the genus Calpurnia, only C. aurea has been used as an insecticide to kill animal lice in 

traditional medicine.  Table 1 comprehensively cites the plants of Calpurnia and Sophora and 

the parts of the plants used in traditional medicine.    
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Table 1 Species of Calpurnia and Sophora in traditional medicine 

Plant Species Part Traditional use Reference(s) 

Calpurnia aurea leaves animal Lice Waka et al., 2004 

Sophora 

alopecuroides 

 sedative, central nervous system depressant, analgesic, 

hypothermic 

Yuan et al., 1986 

Sophora exigua roots  antipyretic and respiratory diseases Pongboord, 1950 

Sophora 

flavescens 

 

roots 

 

antipyretic, analgesic, anti-inflammatory, anthelmintic, 

stomachic, gastrointestinal, acute dysentery, diarhoeae, 

antiviral, antibacterial, antidiuretic, eczema, dermatitis, 

colpitis, hemorrhage; jaundice, leucorrhea, 

carbuncles, pyogenic skin infections, scabies, enteritis 

and dysentery, antidote, antifebrile, tumours; hepatitis 

B; anodyne activities 

Lee, 1966; Yoshikawa et al., 1985; Tang 

and Eisenbrand, 1992; Woo et al., 1998; 

Kuroyanagi et al., 1999; Kang et al., 

2000; Chi et al., 2001; Ma et al., 2002; 

Lee et al., 2005; Ding et al., 2006a; 

Zhang et al., 2006; Jeong et al., 2008; 

Jung et al., 2008  

Sophora grifithii leafy 

shoots 

stomachic, diuretic, antipyretic, and analgesic properties 

and insecticide  

Liu et al., 2006 

Sophora 

japonica 

fruits hemostatic, anti-fertility and anti-cancer activities Tang et al., 2001; Wang et al., 2001 & 

Ma et al., 2006 

flowers blood-staunching agent Wang et al., 2006 
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Plant Species Part Traditional use Reference(s) 

Sophora 

moorcroftiana 

seed 

decoction  

antiphlogistic, detoxicant, emetic, verminosis Ma et al., 2007 

Sophora 

secundiflora 

 

seeds induce visions (hallucinogenic), ceremonial emetic 

stimulant 

Farnsworth, 1968; Schultes, 1969; 1970 

roots antipyretic, analgesic, inflammation, sore throat; 

antidote, antitumor, antiparasitic, diuretic 

Chiang, 1977; Chen and Jiang, 1994 

Sophora 

tomentosa 

 cholera, diarrhoeae, antidote to fish and other marine 

animal poisoning, hypertension 

Perry and Metzger, 1980  

Sophora 

tonkinensis 

roots antipyretic, diuretic, throat inflammation, pain, 

hemorrhoids, stomachic and anti-tumour agent 

Xiao et al., 1999; Deng et al., 2007  

Sophora 

subprostrata 

roots relieve pain, fever, reduce inflammation, remove toxins, 

for peptic ulcers and tumours 

Son et al., 2003; Tingjun and Rongliang, 

2004 

Sophora 

viciifolia 

roots fever, cystitis, haematuria, oedema Xiao, 1993 

roots, 

bark and 

seeds 

antifeedant Rai, 2006 



8 

1.3 Biological activity of extracts from Sophora and Calpurnea 

In order to find a scientific basis to support the use of plant extracts used in traditional 

medicine, in vitro tests on the extracts of these plants have been carried out.  Since most 

folk medicine made use of water when preparing their prescription, the tests done were 

mainly on the aqueous or polar extracts such as methanol and ethanol (Table 2).  

Nonetheless, in a few instances only, hexane extracts were used during the tests.  

 

Of all the plants from the two genera that have been used in alternative medicine, only 

four plants, S. flavescens, S. japonica, S. moorcroftiana and S. subprostrata have been 

subjected to bioassay tests based on their use in traditional medicine.  In Sophora 

flavescens, the polar root extracts (methanol and ethanol extracts) have been tested for a 

variety of biological activity.  These tests include antiviral, antioxidant, antiprotozoal, 

estrogenic, antitoxoplasma and antifeedant assays.  The results obtained from these tests 

are given in Table 2.  The tests have confirmed the traditional use of the plant (Table 1).  

The use of flowers of Sophora japonica as a blood-staunching agent in traditional 

medicine was supported by the test results by Wang et al., (2006) (Table 2).  There is still 

a need to validate several of the claims made in Table 1. 
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Table 2  Pharmacological activities of extracts from Sophora 

Plant species Extract  Biological activity Reference  

affinis aq. EtOH stem and leaf  antitumor Abbott et al., 1966a 

angustifolia aq. EtOH root  antitumor Abbott et al., 1966a 

flavescens aq. root   antiviral Ma et al., 2002 

EtOH root anti-protozoal; estrogenic Youn et al., 2003; Kim et 

al., 2008b 

MeOH root  cyclic guanosine monophosphate (cGMP)-specific 

phosphodiesterase type 5 (PDE5) inhibitors 

Shin et al., 2002 

MeOH whole plant Na
+
-glucose cotransporter (SGLT) inhibitory; contact 

toxicity; anti-Toxoplasma gondii; antiprotozoal 

activity 

Youn et al., 2003; Liu et 

al., 2007; Sato et al., 2007; 

Choi et al., 2008;  

Hexane whole plant contact toxicity; antifeedant Liu et al., 2007 

formosa aq. EtOH and CHCl3 

stem and leaf 

antitumor Abbott et al., 1966b 

japonica aq. and EtOH seed and 

flower  

antitumor, tyrosinase inhibition Abbott et al., 1966b; 

1966c; 1966d; Wang et al., 

2006 

moorcroftiana EtOH seed  tumor inhibition rate Xingming et al., 2009 

nutalliana aq. stalk, leaf and fruit  antitumor Abbott et al., 1966e 

subprostrata MeOH whole plant antiviral Kim et al., 2008a 

aq. and EtOH whole 

plant 

anti-inflammatory, antiulcer and antitumour effects Son et al., 2003 

tetraptera EtOH leaf, flower, stem 

and fruit  

antitumor Abbott et al., 1966a 
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1.4 A phytochemical review of the lupine alkaloids 

The genera Sophora and Calpurnia have been studied for its phytochemical constituents as early 

as 1895.  To date there have been over 200 publications on the phytochemistry of species within 

the two genera with over 470 compounds having been isolated from the genus Sophora alone 

and another 13 being isolated from Calpurnia (DNP, 2012; Scifinder, 2012).  The most prevalent 

class of compounds are the flavonoids (400), followed by quinolizidine alkaloids (104) and 

steroids (50) with some minor compounds of pterocapans, oligostilbenes and benzofurans. 

 

During the course of our study on Sophora and Calpurnia, both quinolizidine alkaloids and 

flavonoids were isolated.  However, since there are numerous reviews on flavonoids in the 

literature as well as many series of books, the literature review which follows focuses on the 

quinolizidine alkaloids only.  

 

 

1.4.1 Classification of quinolizidine alkaloids  

1.4.1.1 Bicyclic quinolizidine alkaloids 

These are the simplest form of lupine alkaloids and are typified by lupinine (9).  Fifteen 

compounds of this nature have been isolated from these species.  Most of these compounds have 

an additional third six-membered nitrogenous ring. 
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N

N

O

O

O

H

4

N

C
NH

O
Bu

O

O

H

1  3

N

N

O

O

H

N

N

H
O

O

2  

1. Sophorine 

2. Lamprolobine 

3. Epilamprolobine 

4. N-oxide Epilamprolobine 

N

O

O

N

H

HO

5

N
O

OH

NH

O

H

H

7

N OH

NH

O

H

H

6

N

H

OH

NH

O

HH

8
 

5. 9β-Hydroxylamprolobine 

6. Mamanine 

7. Mamanine N-oxide 

8. Pohakuline 
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OHN

H

9 

N

NH
C

O

H

O

O O CH3

10  

9. Lupinine 

10. 5-(3'-Methoxycarbonylbutyroyl)-aminomethyl-trans-quinolizidine N-oxide 

 

1.4.1.2 Tricyclic quinolizidine alkaloids 

Eight tricyclic alkaloids have been isolated from Sophora species.  These compounds have an 

additional ring joined to the bicyclic structure in such a manner that a methylene bridge exists 

between the rings.  All these compounds have a characteristic α-pyridone ring A.  These 

alkaloids are typified by cytisine (11).  These alkaloids can also form dimers for example 

argentine (23). 

 

N

N

O

R

R1

12

3

4

5
6

7

8

9
10

11

12

13

 

No. Name R R
1 

11. Cytisine H H 

12. N-Methylcytisine Me H 
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13. 11-Allylcytisine H Allyl 

14. N-Acetylcytisine Acetyl H 

15. N-Formylcytisine Formyl H 

 

N

N
OH

O

16

N

N
R

O

17. R=CH2COOH

18. R=CH2CONH2

N

NH

O

O

19

N

N

O

20
 

16. N-(2-Hydroxyethyl)cytisine 

17. Lehmannine  

18. 12-Cytisineacetamide 

19. 11-Oxocytisine 

20. Rhombifoline 

 

N

N

R1
R

O

O

21. R=OH, R1=H

22. R=H, R1=OH  

21. Sophorasine A 

22. Sophorasine B 
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N

N

O

N

N

O

O

23

N

N

O

O

O

O

HO

O
24  

23. Argentine 

24. Tonkinensine A 

 

N

N

O

O

O

O

O

HO

25

N

N

N
CH3

O

O

26*
 

*Compound 26 was published in a thesis without the stereochemistry in all stereogenic centres 

(Ajaz, 1993) 

25. Tonkinensine B 

26. N-Methylsopholupisine 
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N

N

O
29

27. 6R:7R:9S:14R

28. 6R:7R:9S:14S

N

N

O

12

3

4

5
6

7
8

9
10

11

1213

14

15
16

17

 

27. Tsukushinamine A 

28. Tsukushinamine B 

29. Tsukushinamine C 

 

1.4.1.3 Tetracyclic quinolizidine alkaloids 

There are two distinct types within the tetracyclic alkaloids.  These can be differentiated by 

whether or not they have a methylene bridge since the manner in which the four rings are fused 

are different in both types. 

 

The first group is characterized by sparteine (30), where a fourth six-membered ring is added 

onto cytisine (11) in a linear fashion to produce a tetracyclic structure.  A large number of 

alkaloids from this group have been isolated from these species.  While some of these 

compounds have the α-pyridone ring, for example thermopsine (52), others have a fully saturated 

ring A as in sparteine (30) and some have the amide group retained while losing the double 

bonds as in lupanine (35).  
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In the second group, the methylene bridge is absent and the four rings are fused in the manner 

typified by matrine (63). 

32

N

N

H

H

30

N

N

H

H

31

N

N

H
OH

H

N

N

O

H

H

33

1
2

3

4

5

6
7 8

9

10

11

12
13

14
1517

16

 

30. Sparteine 

31. β-Isosparteine 

32. 13-Hydroxysparteine 

33. 10-Oxosparteine 

N

N

H

H

O

34  

34. 17-oxo-α-isosparteine 

N

N

O

H

36

N

N

H

H

O
35

N

N

H

O

H

O
37

N

N

O

OH

H

H

38  

35. Lupanine 

36. 5,6-Dehydrolupanine 

37. 17-Oxolupanine 

38. 13-Hydroxylupanine 
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N

N

O

OH

H

H

H

OH
H

39*

N

N
H

H

O

OH

HO

HO

41

N

N

OH

H

H

O

HO

40
 

*Only the relative stereochemistry is reported in compound 39 (Radema, et al., 1979; DNP 

2009) 

39. 10,13-Dihydroxylupanine 

40. 4β,13α-Dihydroxylupanine 

41. 3β,4α,13α-Trihydroxylupanine 

N

N
H

H

O

O

O

N

H

43

N

N
H

H

O

O

O

42  

42. 13-Hydroxylupanine tiglate 

43. Calpurnine 

 

N

N

O

HO

OR

H

H

 

44. Digittine 

N
C

O
H

R=

 

45. Amino alcohol of digitine R=H 
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N

N

OR

H

H

O
OH

 

46. Calpurmenine R=H 

47. Calpurmenine 13α-pyrrolecarboxylic acid ester 

N
C

O
H

R=

 

 

N

N
H

H

O

HO

HO

O
N

O H

 

48. Calpaurine 

N

N

OR

H

H

O
 

49. Virgiline R=H 

50. Virgiline 2-pyrrolecarboxylic acid ester 

N
C

O
H

R=
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N

N
H

H
O

O

N

O

H

51  

 

51. 2,3-Dehydro-O-(2'-pyrrolylcarbonyl)virgiline 

 

 

N

N

O

H
R

53. R=OH

54. R=H

N

N N

N

O

O

O
55*

N

N

O

H

52
 

*Compound 55 was published in a thesis without the stereochemistry 

52. Thermopsine 

53. Baptifoline 

54. Anagyrine 

55. Sophosalimine 
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N

N

O

O

H

56*

N

NH

N

N

O

O

H

57

N

N

O

O

58*  

*Compounds 56 and 58 were published in a thesis without the stereochemistry in all stereogenic 

centres while only the relative configuration was given for 57. 

 

56. Sophazrine 

57. Sophohejrine  

58. Sopholupanizidone  

 

N N
H

H

H

59

1
2

3

4

5

6

7

8

9
10

11

12
13

14
15

16
17

 

59. Aloperine 

 

N

N
H

H

62

N

N

H

60

N

N

H

H

H3C

61

1

2

3

4

5

6
7

8

9

10

11

12

13
14

16

17

15
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60. 11-Dehydroaloperine 

61. N-Methylaloperine 

62. Allylaloperine 

 

1
2

3

4

5

6

7

8

9
10

11

12

13

1415

16

17

N

N

R4

O

HR1

H

R2

R3

H

R

 

  R R
1
 R

2
 R

3
 R

4
 

63. Matrine H H H H H 

64. 3α-Hydroxymatrine OH H H H H 

65. 9α-Hydroxymatrine H H OH H H 

66. 5α,9α-Dihydroxymatrine H OH OH H H 

67. 13α-Hydroxymatrine H H H OH H 

68. 14α-Hydroxymatrine H H H H OH 

69. 14β-Hydroxymatrine H H H H OH 

70. 14α-Acetoxymatrine H H H H OCOCH3 

71. 14β-Acetoxymatrine H H H H OCOCH3 
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N

N

O

H

H

H

H

R

O
75. R=H

76. R=-OH

N

N

H

H

O

72

N

N

H

R R1

H

O

73. R=H, R1=H

74. R=H, R1=H









H

H

77

 

72. 7,11-Dehydromatrine 

73. Isomatrine 

74. Allomatrine  

75. Oxymatrine 

76. 14β-Hydroxyoxymatrine 

77. Leontalbinine N-oxide (the N-oxide of 7,11-dehydromatrine) 

1
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N

O

HH

H

H

78

N

N

O

H

H

OH H

80

N

N

O

H

H

H

H
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78. Sophocarpine 

79. 5-Episophocarpine 

80. 5α-Hydroxysophocarpine 

 



23 

N

N

O

H

HH

H

O

83

N

N

O

H

HH

H
H

OH
N

N

O

H

HH

H
OH

81 82
 

81. 9α-Hydroxysophocarpine  

82. 12β-Hydroxysophocarpine 

83. Sophocarpine N-oxide 

N

N

O

H

H

HH

OH
88

N

N

O

H

H

H H

OH
89

N

N

O

H

H

HH

O
87

N

N

O

H

H

HH

HO

86

84. R=H

85. R=OH

N

N

R1

O

HH

H

H

 

84. Sophoridine 

85. 14β-Hydroxysophoridine 

86. 3α-Hydroxysophoridine 

87. Sophoridine N-oxide 

88. N-Hydroxysophoridine  

89. N-Hydroxy-13,14-dehydrosophoridine  
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N

N

O

H

H H

90

N

N

O

H

H H

91

N

N

O

H

H

OH

92

N

N

O

H

H

H

OH
93  

90. Sophoramine 

91. Neosophoramine 

92. 7α-Hydroxysophoramine 

93. 9α-Hydroxysophoramine 

 

N

N

H

OH H

H

O

95

N

N

O

O

H

H

H

OH

96

N

N

O

H

H

94
 

94. ∆
7
-Dehydrosophoramine 

95. Sophoranol 

96. Sophoranol N-oxide 
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1.4.1.4 Miscellaneous alkaloids 

Other alkaloids which have been isolated from these plants could not fall under any of the classes 

given above and were treated as miscellaneous compounds.  These are; 

N

CH3

HOH2C
N

H

O

97

N

Ac

N

H
H

99

N

CH3

HOH2C
N

H

O

98  

97. Kuraramine 

98. Isokuraramine 

99. Ammodendrine 

N

N

N

N

H H

H

O

CHO

O

CHO

102

N

MeO

MeO Me
H

N

OMe

OMeMe
H

O

100

NH

N

O ph

101  

100. Dauricine 

101. Adenocarpine 

102. Griffithine 

 

Nicotine (103) and 4(5)-methylimidazole (104) have also been reported from these plants. 
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HN
N

CH3

104

N

N

CH3

H

103  

103. Nicotine 

104. 4(5)-Methylimidazole 

 

1.4.2 Quinolizidine alkaloids isolated from Sophora and Calpurnia species 

Plants have been known to accumulate secondary metabolites for different functions and 

Sophora and Calpurnia are no exception.  Sophora have thirty species with twenty-seven of 

these having been investigated phytochemically.  With the exception of S. arizonica, S. davdii, S. 

fraseri, S. koreensis, S. leachiana, S. moorcroftiana and S. stenophylla which did not contain 

alkaloids and S. macrocarpa which did not contain flavonoids, the rest of the plants from 

Sophora were found to contain both alkaloids and flavonoids together. 

 

Table 3 lists each species of Sophora that has been studied phytochemically in alphabetical order 

with the alkaloids isolated from them. The parts of the plant from where they were found are also 

included where possible. 

 

The genus Calpurnia has not been extensively studied for phytochemical compounds and only 

two species, C. aurea and C. subdecandra have been studied phytochemically. These two 

species have yielded bicyclic and tetracyclic quinolizidine alkaloids (Table 4). 
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Table 3 Lupine alkaloids from the Sophora species 

Species Compound  Reference(s) 

Sophora 

alopecuroides 

1
ns

,
 
11

nrs
, 16

ns
, 17

s
,53

ans
, 59

ns
, 

60
l&st

, 61
ns

,
 
62

ns
, 63

ars
, 69

a
, 

75
rs
, 78

anrs
, 79

ns
, 82

a
, 83

rs
, 

84
anrs

, 86
ns

, 87
s
, 88

ns
, 89

ns
, 

90
anrs

, 91
ns

, 92
a
,
 
101

a
,
 
103

s 

Monakhova et al., 1973; 1974a; 

1974b; Kuchkarov et al., 1978; 

Kamaev et al., 1981; Wang et al., 

1991;  Zhang et al., 1997; Atta-ur-

Rahman et al., 2000, Liu et al., 2001 

Sophora 

angustifolia 

63
r 

Plugge, 1895 

Sophora 

chrysophylla 

2
ste

, 3
ste

, 4
l&ste

, 6
a,b,l&ste

, 7
l
, 8

b
, 

11
b,s

, 12
l&ste

, 15
ste

, 20
s
, 

35
a,l&ste

, 36
a,l&ste

, 37
l
, 53

s&ste
, 

54
s
, 63

b,l&ste
, 75

l&ste
, 97

a,l&ste
, 

99
a,l&ste

 

Briggs et al., 1942; Kadooka et al., 

1976; Murakoshi et al., 1984 

Sophora 

exigua 

18
r 

Takamatsu et al., 1991 

Sophora 

flavescens 

6
f
, 12

afr
, 17

r
, 20

f
, 35

f
, 53

afr
, 

54
afr

, 63
afr

, 65
r
, 66

f
, 72

f
, 73

r
, 

74
r
, 75

afr
, 77

s
, 78

afr
, 79

r
, 80

s
, 

81
r
, 82

r
, 83

ars
, 84

r
, 90

afr
, 93

fa
, 

94
f
, 95

afr
, 96

f
, 97

f
, 98

f
, 104

f 

Bohlmann et al., 1958; Okuda et al., 

1965; Ueno et al., 1975, 1978; 

Morinaga et al., 1978; Murakoshi et 

al., 1981a; 1982; Saito et al., 1990; 

Sekine et al., 1993; Song et al., 

1999; Kim et al., 2001; Ding et al., 

2006a 

Sophora 

franchetiana 

11
ar

, 15
ar

, 20
ar

, 27
a
, 28

a
, 29

a
, 

53
ar

, 54
ar

, 99
ar 

Ohmiya et al., 1979a; 1979b; 1981 

Sophora 

griffithii 

11
r
, 12

rs
, 21

l
, 22

l
, 23

s
, 26

ns
, 

33
l
, 55

ns
, 56

l
, 57

ns
, 58

ns
 63

rs
, 

78
s
, 90

r
, 102

l 

Primukhamedov et al., 1969; 1972; 

Karakozova et al., 1975; Atta-ur-

Rahman et al., 1991a; 1991b; 1991c; 

Ajaz, 1993 

Sophora 

japonica 

31
f 

Keller and Hatfield, 1979 

Sophora 

macrocarpa 

11
l
, 12

ls
, 53

s
, 63

sl
, 64

l
, 65

l
, 75

l
, 

95
l 

Silva, 1968; Negrete et al., 1982a; 

1982b; 1983 

Sophora 

microphylla 

11
ba&lw

, 12
ba&l

, 54
l
, 63

ba&lfw
, 

75
f
, 78

f 

Briggs et al., 1960; 1975; Cui and 

Zhang, 1986 

Sophora 

pachycarpa 

63
s
, 75

s
, 78

s
, 83

s
, 90

s 
Zainutdinov et al., 1968 

Sophora 

prodani 

11
s
, 30

sr
, 78

r
, 84

r 
Pislarasu and Badauta-Tocan, 1973; 

Pislarasu and Dragut,1978 
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Sophora 

secundiflora 

8
s
, 9

l
, 11

stl
, 12

stl
, 13

f
, 14

l
, 15

stl
, 

19
l
, 20

fst
, 23

l
, 30

stl
, 31

fstr 
, 32

l
, 

35
fst

, 36
st
, 52

s
, 53

l
, 54

stl 

Izaddoost et al., 1976; Keller and 

Hatfield, 1979; Chavez and Sullivan, 

1984; Abdel-Baky and Makboul, 

1985; Murakoshi et al., 1986; 

Makboul et al., 1987; Abdel-Baky, 

1989; Mohamed et al., 1993 

Sophora 

subprostrata 

63
r
, 76

r 
Kojima et al., 1970; Cui and Zhang, 

1986 

Sophora 

tetraptera 

11
l&f

, 12
l
, 53

l
, 63

l
  Reyes et al., 1988

 

Sophora 

tomentosa 

3
alstes

, 4
alstes

, 10
alstes

, 11
alstes

, 

12
alstes

, 14
alstes

, 15
alstes

, 53
alstes

, 

54
alstes

, 63
alstes

, 75
alstes

, 83
alstes

, 

99
alstes

 

Ohmiya et al., 1974;  Komatsu et 

al., 1978; Murakoshi et al., 1981b  

Sophora 

tonkinensis 

2
l
, 11

rns
, 12

r
, 15

r
, 17

rns
, 24

r
, 

25
r
, 35

l
, 53

l
, 63

rnsl
, 65

l
, 66

l
, 

68
l
, 69

rlns
, 70

rl
, 71

rl
, 72

r
, 74

r
, 

75
rnsl

, 76
r
, 78

rl
, 80

rl
, 83

nsrl
, 

90
ns

, 95
nsrl

, 96
l
, 100

r
 

Dou et al., 1989; Xiao et al., 1996; 

1999; Song et al., 1999; Ding et al., 

2005; 2006b; Deng et al., 2006; Li 

et al., 2008 

Sophora 

velutina 

2
l
, 5

l
, 11

l
, 12

s 
Asres et al., 1986a; Koorbanally, 

1999 

Sophora 

viciifolia 

11
s
, 36

s
, 35

s
, 63

sfl
, 65

s
, 67

fl
, 

69
sfl

, 75
sfl

, 78
s
, 81

s
, 82

s
, 83

sfl
, 

84
sfl

, 85
s
, 90

fl 

Zhu et al., 1993; Yan et al., 1996, 

Xiao et al., 1998 

Key: Superscripts, a=aerial parts, b=bark, f=fruits, fl=flowers, l=leaves, r=roots, s=seeds, 

st=stalks, ste=stem, ns= not specified, where the compounds were isolated. 

 

Table 4 Lupine alkaloids from Calpurnia species 

Species Compound Reference(s) 

Calpurnia 

aurea 

8
l
, 9

l
, 38

l
, 39

nsl
, 40

ns
, 41

l
, 

43
l
, 44

ns
, 46

lns
, 47

lns
, 48

l
, 

49
l
, 50

l
, 51

l 

Radema et al., 1979; Vermin et al., 

1979; Kubo et al., 1984; Asres et al., 

1986b; 1986c  

Calpurnia 

subdecandra 

43
ns

 Goosen, 1963 

Key:Superscripts, a=aerial parts, b=bark, f=fruits, fl=flowers, l=leaves, r=roots, s=seeds, 

st=stalks, ste=stem, ns= not specified, where the compounds were isolated. 
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1.4.3 Biosynthesis of quinolizidine alkaloids 

The phytochemical studies on Sophora velutina and Calpurnia aurea afforded quinolizidine type 

alkaloids among other compounds.  These alkaloids are made up of slightly varied biosynthetic 

pathways (van Wyk, 2003) but utilising L-lysine amino acid as the basic building block.  

 

The first step in the biosynthesis of quinolizidine alkaloids is decarboxylation of L-lysine to 

cadaverine.  This step is dependent on the coenzyme pyridoxal phosphate (PLP).  The α-amine in 

L-lysine attacks the carbonyl group in PLP to yield an imine which on undergoing a Schiff 

hydrolysis gives rise to cadaverine (Scheme 2).  This reaction takes place in the enzyme. 
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Scheme 2  The conversion of L-Lysine to cadaverine (Herbert, 1978; 1980) 

 

The conversion of cadaverine to an aminoaldehyde is through oxidative deamination.  This is 

done through diamine oxidase and oxygen with the concurrent formation of ammonia and 

hydrogen peroxide.  Aminoaldehyde cyclises to form a cyclic amine (∆
1
-piperideine) which 

tautomerises via the ∆
1
-piperidinium cation to the enamine (Dewick, 2006).  The enamine and 

∆
1
-piperidine form the basic units of bicyclic, tricyclic or tetracyclic alkaloids. 
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In the biosynthesis of bicyclic alkaloids like (+)-lupinine (Scheme 3), the enamine and ∆
1
-

piperidinium cation couple with retention of stereochemistry to form an imine which is 

hydrolysed to an aldehyde followed by oxidative deamination and cyclisation by a Schiff base 

reaction, then by two reductive steps to yield (+)-lupinine (Dewick, 2006). 

 

NH2 NH2
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Scheme 3  Biosynthesis of lupinine (Dewick, 2006) 

 

Seyferth et al. (1976) and Golebiewski and Spenser (1988) proposed that tetracyclic alkaloids 

require three ∆
1
-piperidine molecules.  The arrangement of these three units determines whether 

a plant synthesises lupanine and sparteine (Scheme 4) or matrine alkaloids (Scheme 5).  The 

cytisine pathway is envisaged to be a result of a loss of the outermost ring from a sparteine 

molecule followed by oxidation to a pyridone system.  Further coupling, hydroxylation and 

esterification yields hydroxylated and esterified alkaloids (Leeper et al., 1981). 
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Scheme 5  Biosynthesis of matrine (Leeper et al., 1981) 
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1.4.4 Biological activity of the quinolizidine alkaloids from Sophora and Calpurnia 

For many years infectious disease have been treated traditionally with plants.  Traditionally 

species of Sophora and Calpurnia have been used as a remedy for common ailments.  It is 

therefore worth investigating which of the bioactive compounds are responsible for the observed 

bioactivity.  Ethnopharmacological studies to identify antiviral agents from plant material are 

extensively carried out.  It has also been established that compounds with varied structures show 

similar activities (Ma et al., 2002). 

 

It is also interesting to note that 17 lupine alkaloids (Table 5) have been bioassayed and have 

shown good biological activity.  Though not all the studies were based on an ethnobotanical 

approach in order to find bioactive compounds, some of the compounds have been found to be 

active against a variety of ailments.  Matrine tops the list of these compounds with a variety of 

pharmacological activities.  Tyski et al. (1988) found that quinolizidine alkaloids are more active 

bacteriostatic agents than the normal line antibiotics.  

 

The tests done on these compounds have revealed that ammodendrine (99) is the only bycyclic 

alkaloid that has been reported to have biological activity while the bioactive tricyclic alkaloids 

are cytisine (11), N-methylcytisine (12) and lehmannine (17).  In the tetracyclic compounds there 

are nine matrine types and eight lupanine and sparteine types of alkaloids (Table 5). 
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Table 5  Compounds isolated from Sophora and Calpurnia species and their bioactivity 

Compound Biological activity Reference 

Allomatrine (74) Cardiotonic, antiviral Kimura et al., 1989; Ma et al., 2002 

Aloperine (59) Antifungal, nematicidal Zhao, 1999; Yu et al., 2006  

Ammodendrine (99) Teratogenic-crooked calf Keeler and Panter, 1989 

Anagyrine (54) Teratogenic-crooked calf, antiviral, nematicidal-

antinematode and anthelmintic activity, toxicity- congenital,  

malformation in calves 

Keeler, 1976; Keeler and Panter, 1989; 

Ma et al., 2002 

Cytisine (11) Allelopathy-inhibit seed germination and radicle growth, 

phe-tRNA binding inhibition and inhibition of in vitro wheat 

germ translation (wheat germ), nematicidal-antinematode 

and antihelmintic activity, translation in vitro, toxicity- 

teratogenic in chicks and rabbits, antifeeding-mollusc 

deterance, antiviral. 

Wink and Twardouwski, 1992; Ma et al., 

2002 

N-Methylcytisine (12) Hypoglycemic, nematicidal-antinematode and anthelmintic 

activity, antinematode and anthelmintic activity- motility 

(spastical), antiviral. 

Ma et al., 2002; Mohamed et al., 1993 

Lupanine (35) Allelopathy- inhibit seed germination, antibacterial-growth 

inhibition, species-specific inhibitory effect, toxicity- in vitro 

inhibition of wheat germ translation, antifeedant, growth 

inhibitor, antifungal activity –conidia germination inhibition, 

antifeeding-mollusc deterance, antibacterial- airborne 

bacteria. 

Tyski et al., 1988; Wink and 

Twardowski, 1992; Harborne et al., 1998  

13α-Hydroxylupanine (38) Antibacterial-growth inhibition, species-specific inhibitory 

effect, inhibition of in vitro wheat germ translation (wheat 

germ), anti-arryhythmic, hypotensive 

Tyski et al., 1988; Wink and 

Twardowski, 1992; Harborne et al., 1998  

 

 



35 

Compound Biological activity Reference 

13-Tigloyloxylupanine (42) Inhibition of phe-tRNA binding and inhibition of in vitro 

wheat germ translation (wheat germ), allelopathy- inhibit 

seed germination, antifungal activity –conidia germination 

inhibition, antibacterial- growth inhibition  

Wink and Twardowski, 1992 

2,3-Dehydro-O-(2-pyrrolyl-

carbonylvirgiline (51) 

 

Molluscicidal activity Kubo et al., 1984  

Matrine (63) Nematocidal, antipyretic, contractile response of fundis strip, 

cardiotonic, antinematode and anthelmintic activity-motility 

(paralytical), glutamate inhibition, antitumor, ehrlich ascites 

tumor, sarcoma-180 in mouse, antiarrhythmic, anti-

inflammatory, antifeedant, anti-cachectic agents, anti-IBD 

agent, antifibrotic, analgesic, anti-diarrhea, 

immunosuppressive effects, antifungal, antioxidant activity, 

anti-hepatitis B virus (HBV), antiviral- liver fibrosis, 

antiviral 

Kojima et al., 1970; Yamazaki and Arai, 

1985; Cho et al., 1986; Kimura et al., 

1989; Hu et al., 1996; 2005; Xin and Ma, 

1998; Matsuda et al., 1991; Ma et al., 

2002; Long et al., 2004; Xu et al., 2004, 

Cheng et al., 2006; Ding et al., 2006a,b; 

Yang et al., 2006; Jiang et al., 2007; Liu 

et al., 2007; Ma et al., 2007; Zhang et al., 

2008; Ao et al., 2009 

Isomatrine (73) Antiviral Ma et al., 2002 

Oxymatrine (75) Glutamate inhibition, antiviral, antitumor, sarcoma-180 in 

mouse, anticancer, anti-hepatitis B virus (HBV), anti-

inflammatory, antioxidant activity, antifungal, liver injury, 

antihepatitis C virus, hepatocytes and antihepatic fibrosis 

Kojima et al., 1970; Ishida and 

Shinozaki, 1984; Liu et al., 1994; 2003; 

Wang et al., 1995; Chen et al., 2001; 

Dong et al., 2002; Ma et al., 2002; Xiang 

et al., 2002; Ding et al., 2006a,b; Yang et 

al., 2006; Ao et al., 2009 

Sophocarpine (78) Nematocidal, anti-hepatitis B virus (HBV), antitussive in 

guinea pigs, anticancer, anti-cachectic agents, antiviral 

Li et al., 1980; Wang et al., 1995; Ma et 

al., 2002; Ding et al., 2006a,b; Zhang et 

al., 2008 

Oxysophocarpine (83) Anticancer, anti-hepatitis B virus (HBV), antiviral Wang et al., 1995; Ma et al., 2002; Ding 

et al., 2006a,b  

Sophoramine (90) Nematocidal, cardiotonic Kimura et al., 1989 

Sophoranol (95) Antiviral Ma et al., 2002 
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Compound Biological activity Reference 

Sophoridine (84) Cardiotonic, antiviral Kimura et al., 1989; Ma et al., 2002; 

Zhang et al., 2006 

5-Episophocarpine (79) Anti-hepatitis B virus Ding et al., 2006a 

Sparteine (30) Allelopathy-inhibit seed germination, allelopathy, antiviral- 

viral multiplication, inhibition of in vitro translation (wheat 

germ), antimicrobial-growth inhibition, antibacterial-growth 

inhibition, antimicrobial activity-growth inhibition, 

antifungal activity –conidia germination inhibition, 

antifeeding-mollusc deterance, repolarization of neurons 

exhi, pancreatic β-cell function,  antibacterial- airborne 

bacteria, inhibited charging reaction when ATP & RNA 

used, species-specific inhibitory effect, oxytoxic agent, 

adiurectic, hypoglycaemic 

Wink, 1987; Tyski et al., 1988; Wink and 

Twardowski, 1992; Harborne et al., 1998  

10-oxosparteine (33) Insecticidal Harborne et al., 1998 

17-oxosparteine (34) phe-tRNA binding inhibition and inhibition of in vitro wheat 

germ translation (wheat germ) 

Wink and Twardowski, 1992  

 

Cyclooxygenase (COX), Pathogenic fungi, Fusarium oxysporum (FO), Valsa Pini (VP), Cladosporum oxysporum (CO), Sphaeropsis sapinea (SS), Marssonina 

brunnee (MB). 
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1.5 Aims and objectives of the study 

The main aim of the study was to phytochemically investigate two South African species 

Sophora velutina and Calpurnia aurea both belonging to the Fabaceae family to investigate 

whether their use in traditional medicine was justified and whether or not they could provide 

lead compounds to be used as pharmaceuticals.   

 

The research objectives were; 

 To extract and isolate the secondary metabolites present in the fruits and pods, stem 

and stem bark and leaves of Sophora velutina and the leaves, stem and stem bark of 

Calpurnia aurea, 

 to identify and characterise the isolated compounds using a range of spectroscopic and 

other chemical techniques 

 to test the compounds in suitable bioassays as determined by the types of compounds 

that were isolated,  

 and to publish the findings of the study in peer reviewed journals. 
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Abstract 

Five novel quinolizidine alkaloids, N-methylenehydroxycytisine (A-1), 7-hydroxylupanine 

(A-2), 6,7-dihydroxylupanine (A-3), 7-oxo-thermopsine (A-4), and velutinine (A-5) have 

been isolated from the fruits and pods (A1-A4) and stem bark (A-5) of Sophora velutina 

subsp. zimbabweensis along with the known quinolizidine alkaloids, N-methylcytisine (A-6),  

cytisine (A-7), a cinnamate ester, methyl-3-(3',4'-dimethoxyphenyl)-2-propenoate (A-8) and 

triterpenoids, lup-20(29)-ene-3β-ol (A-9) and 12-oleanen-3-one (A-10). Compounds A-10 and 

A-6 showed good antibacterial activity against E. faecalis with MIC values of 10.9 and 20.8 

μg mL
-1

.  The other compounds tested exhibited low to moderate antibacterial activity. 

 

Keywords:  Sophora velutina subsp. zimbabweensis, Fabaceae, N-methylenehydroxycytisine, 

7-hydroxylupanine, 6,7-dihydroxylupanine, 7-oxo-thermopsine, velutinine. 
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2.1 Introduction 

Quinolizidine alkaloids, found abundant in the Fabaceae, are well-known by the existence of a 

structural unit in which a nitrogen atom occupies a central position in two fused cyclohexane 

rings (Hoffmann, 2003). This class of alkaloids are also referred to as lupine alkaloids as they 

were first discovered in species of the legume Lupinus L.  In the Fabaceae there are about one 

hundred and seventy quinolizidine alkaloids that have been isolated and characterised thus far 

(Aniszewski, 2007), and at times considered chemotaxonomic markers useful in delimiting 

subfamily groups (e.g. Kite and Pennington, 2003; Pennington et al., 2005).  Quinolizidine 

alkaloids such as matrine and oxymatrine have been reported to possess sedative, depressant, 

anti-tumour, anti-pyretic, cardiotonic and anti-hepatitis B viral activity (Abbott et al., 1966; 

Kinghorn and Balandrin, 1984).  

 

The genus Sophora L., with approximately 50 species, is widespread from southeastern 

Europe, to temperate Asia, the tropical regions to Australasia and the Pacific. It is poorly 

represented in Africa (Pennington et al., 2005). Among the African taxa is the large woody 

shrub Sophora velutina Lindl. subsp. zimbabweensis Gillett & Brummitt, a highly localised 

Zimbabwean endemic described relatively recently (Brummitt and Gillett, 1966). This species 

is quite distinct from other Sophora species represented on the African continent, having its 

strongest affinities with Sophora velutina Lindl. var. albescens (Rehd.) P.C. Tsoong from the 

remote mountains of western Szechwan (Brummitt and Gillett, 1966). No ethnomedicinal 

applications for subsp. zimbabweensis in Zimbabwe have been documented (Gelfand et al., 

1985). Although we have been unable to trace recorded uses in traditional medicine of any of 

the infraspecific taxa of S. velutina, other genus members are so employed, especially in 

China.  The most widely used of these is Sophora flavescens Aiton, reputedly for its anti-

inflammatory, analgesic, antipyretic, stomachic, anti-cancer, diuretic, anthelmintic, 
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antibacterial, antiviral and antidiarrhoeal properties. As such, S. flavescens preparations are 

used to treat enteritis, dysentery, respiratory tract infections, leucorrhea, colpitis, jaundice, 

gastrointestinal hemorrhages, and skin disorders such as scabies, carbuncles, dermatosis and 

eczema (Chang, 1986; Tang and Eisenbrand, 1992; Huang, 1993; Zhu, 1998; State 

Pharmacopoeia commission of P.R.C, 2000; Ma, 2002; Liu, 2003).   

 

Phytochemical investigations of several species of Sophora have revealed that these plants 

contain quinolizidine alkaloids.  Sophora velutina subsp. zimbabweensis, the subject of the 

present study, has previously been phytochemically investigated (Asres et al., 1986). These 

authors isolated three alkaloids from the leaves: a quinolizidine alkaloid (cytisine), and two 

lupanine-type alkaloids, (+)-lamprolobine and (+)-9-hydroxylamprolobine.  A further well 

known alkaloid, N-methylcytisine was found in the seeds along with two isoflavonoids, 

pseudobaptigenen and calycosin (Koorbanally, 1997). Such isoflavonoids are also commonly 

known from the Fabaceae (Dewick, 1994).  

 

The current study was undertaken to isolate natural products (primarily alkaloids) from 

various S. velutina subsp. zimbabweensis plant organs and to ascertain their antibacterial 

activity. This was in view of documented traditional usage profiles of other Sophora species, 

and the known antibacterial activity of various alkaloids (Bruneton, 1995).  

2.2 Results and Discussion 

Five new alkaloids (Figure 1), N-methylenehydroxycytisine (A-1), 7-hydroxylupanine (A-2), 

6,7-dihydroxylupanine (A-3) and 7-oxo-thermopsine (A-4) from the fruits and pods, and 

velutinine (A-5) from the stem bark have been isolated from Sophora velutina subsp. 

zimbabweensis.  In addition, the known quinolizidine alkaloids, N-methylcytisine (A-6) 

(Wang et al., 2000)  also from the fruits and pods, cytisine (A-7) (Asres et al., 1986) from the 
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leaves, a cinnamate ester, methyl-3-(3',4'-dimethoxyphenyl)-2-propenoate (A-8) from the 

stem bark and triterpenoids, lup-20(29)-ene-3β-ol (A-9) (Mahato and Kundu, 1994) from the 

fruits and pods and 12-oleanen-3-one (A-10) (Chiu et al., 2008) from the stem bark were 

isolated.  Of these ten compounds, only two, N-methylcytisine (A-6) and cytisine (A-7) have 

been found previously in S. velutina subsp. zimbabweensis.  The structures of the known 

compounds were confirmed by 1D and 2D NMR and by comparison with the data published 

in the literature, except for A-8 whose structural elucidation was trivial. 
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Figure 1  Structures of compounds isolated from Sophora velutina 
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A-1 was obtained as brown crystals. Its  IR spectrum exhibited absorption bands at 3424 cm
-1

 

(O-H stretch [broad band]), 2931 cm
-1

 (C-H stretch), 1654 cm
-1

 (α,β-unsaturated N-C=O 

carbonyl stretch), 1560 cm
-1

 (C=C aromatic stretch) and 1431 cm
-1

 (C-N stretch).  The 
1
H and 

13
C NMR spectra were very similar to that of N-methylcytisine with the notable absence of 

the N-methyl singlet resonance at H 2.09 in N-methylcytisine and the appearance of a 

methylene singlet at H 2.69. The N-methyl carbon resonance at C 46.15 in N-methylcytisine 

was absent and a methylene carbon resonance at C 79.69 occurred instead.  This was 

indicative that the methyl group in N-methylcytisine had been oxidised to a 

methylenehydroxy group in N-methylenehydroxycytisine (A-1). The -pyridone ring was 

established by resonances at H 7.22 (dd, J = 9.0, 6.8 Hz, H-4), H 6.44 (d, J = 9.0 Hz, H-3) 

and H 5.63 (d, J = 6.8 Hz, H-5).  The characteristic H-10ax and H-10eq resonances could be 

seen at H 3.82 (dd, J = 15.4, 6.6 Hz) and H 4.00 (d, J = 15.4 Hz).   The H-13eq and H-13ax 

resonances were seen coupled in the COSY spectrum to each other at H 2.60 (J = 10.98 Hz) 

and H 1.83 (d, J = 10.98 Hz) and the H-11eq resonance overlapped with the H-7 resonance 

and the N-methylenehydroxy proton resonance at H 2.69.  The N-methylenehydroxy 

resonance could be distinguished from the other two resonances as it appeared as a sharp 

intense singlet.  Using the COSY spectrum, the other H-11ax resonance was identified at H 

2.24 (d, J = 10.81 Hz).  The two H-8 resonances were present at H 1.67 (d, J = 12.89 Hz) and 

H 1.80 (d, J = 12.89 Hz).   

 

The 
13

C NMR spectrum showed the presence of twelve carbon resonances with five 

methylene, two methine, three protonated and one non-protonated olefinic resonance and a 

carbonyl resonance.  This suggested the presence of a tricyclic lupane structure.  The 

methylene resonance at C 79.69 is ascribed to the N-methylenehydroxy carbon resonance.  
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The position of the methylenehydroxy substituent at the nitrogen atom is consistent with 

HMBC correlations between 2H-14 and both C-11 and C-13.  The carbonyl resonance at C 

163.5 was attributed to the pyridine carbonyl group at position 2 because of HMBC 

correlations to H-3 and H-4 and the other singlet carbon resonance at C 151.0 to C-6 because 

of HMBC correlations to H-4, H-5 and H-8eq.  The two methine carbon resonances at C 34.7 

and C 27.9 were assigned to C-7 and C-9 respectively because of HMBC correlations 

between C-7 and H-5 and between C-9 and 2H-10.  In addition H-10eq showed an HMBC 

correlation to C-8. 

 

The relative stereochemistry of the molecule was deduced from the NOESY spectrum.  The 

H-7 and H-10 resonances at H 2.71 and H 4.00, respectively, correlate to each other and are 

both equatorial or alpha.  The bridge containing C-8 is in the alpha position together with H-7 

and H-9 because correlations between the H-8 resonances and H-7 and H-9 are all seen in the 

NOESY spectrum. We did not carry out further experiments to determine the absolute 

stereochemistry since all the sample was used for biological assays. 

 

Unfortunately, the molecular ion could not be detected in the High Resolution Mass 

Spectrum.  We postulate that the N-methylenehydroxy group is unstable and cleaves before 

reaching the detector.  This occurs with a concomitant hydrogen transfer to nitrogen resulting 

in the stable cytisine, whose molecular fragment at m/z 190 is seen in the EIMS.   

 

A-2 was isolated as brown oil.  Its IR spectrum showed absorption bands at 3427 cm
-1

 (O-H 

stretch), 2931 cm
-1

 and 2857 cm
-1

 (C-H stretch), and 1672 cm
-1

 (N-C=O carbonyl stretch).  

The EIMS indicated a molecular ion peak at m/z 264 consistent with the molecular formula of 

C15H24N2O2.   The 
1
H NMR spectrum showed a three-proton resonance between H 3.65-3.76 
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(m, 3H) for the two H-10 protons which overlapped with the H-6 proton resonance. The H-

17eq resonance appeared as a double doublet at H 2.92 (J = 13.18, 2.57 Hz) and the H-15eq 

resonance was present as a doublet at H 2.73 (J = 11.35 Hz).  Their corresponding axial 

resonances were present at H 1.96-2.07 (H-15ax overlapping with H-12eq and H-13eq) and H 

1.84-1.92 (H-17ax overlapping with 2H-4).  The 2H-3/2H-5 proton resonances appeared as an 

intense triplet at H 2.61 (J = 6.41 Hz).  The H-8, H-9, H-11, 2H-14 and the remaining H-12ax 

and H-13ax resonances all appeared as multiplets between H 0.95-1.60.  Their chemical shifts 

could be determined from the HSQC spectrum by cross correlation with their corresponding 

carbon resonances. 

 

Although A-2 had fifteen carbon resonances, only twelve carbon resonances were visible in 

the 
13

C NMR spectrum.  The teriary oxygenated carbon resonance is assumed to be 

overlapping with the solvent peak and the C-3 and C-5 resonances overlap as does the C-8 

and C-13 resonances, accounting for the three less carbon resonances.  There were three 

methine resonances present at C 66.78, 65.04 and 39.23.  Two of these were attributed to the 

methine carbons attached to nitrogen, C-6 and C-11 and the third assigned to C-9.  The C-15 

and C-17 methylene carbons attached to N-16 at  63.43 and 56.10 respectively were more 

deshielded than the other methylene resonances, while the C-10 resonance appeared at C 

41.55.  The other methylene resonances all appeared between  17.08 and  33.63.  The 

hydroxy group was place at C-7 because COSY coupling between H-6 and H-4 (W coupling) 

ruled out the possibility that the proton could be situated at C-7.  This was further supported 

by HMBC correlations between H-6 and both C-2 and C-10.  The NMR data compare well 

with both 6-hydroxylupanine A-11 (Abdel-Halim, 1995) and 6,7-dihydroxylupanine (A-3) 

discussed below (Table 6).  It is evident from this table (Table 6) that the C-7 methine carbon 

is clearly absent and on comparison with A-3 that the H-6 proton was present. 
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The relative configuration of the molecule was determined by NOESY correlations between 

H-9 and H-8.  This was consistent with molecular models, which show that the bridge and its 

substitutents at C-7 and C-9 must have the same orientation.  In the absence of a NOESY 

correlation to H-11, it was assigned as alpha relative to the bridge.  Unfortunately we do not 

have sample to do more experiments to determine the absolute configuration. 

 

A-3 was isolated as a brown oily substance whose IR spectrum showed absorption bands at 

3378 cm
-1

 (O-H stretch), 2930 cm
-1

 and 2856 cm
-1

 (C-H stretch), and 1677 cm
-1

 (N-C=O 

carbonyl stretch).  The High Resolution Mass spectrum indicated a mass of 280.1748 

consistent with a molecular formula of C15H24N2O3 (calculated 280.1787).  The base peak at 

m/z 154 is a result of the fragment in Figure 2 below, which is consistent with the 

fragmentation pattern for lupanine but with a hydroxy group at C-6 (Ohmiya et al., 1988). 

 

N

OH

A B

m/z 154  

Figure 2  Fragment representing the base peak in the MS of compound A-3 

 

The 
1
H NMR spectrum showed characteristic resonances for lupanine type alkaloids at H 

3.67 (m, H-10eq) and H 3.77 (m, H-10ax), H 2.90 (d, J = 2.0 Hz, H-17eq) and H 2.11 (m, 

H-17ax), H 2.83 (d, J = 11.6 Hz, H-15eq) and H 2.04 (d, J = 2.38 Hz, H-15ax) as well as for 

the methylene groups of 2H-3 and 2H-5, which both overlap as a multiplet at H 2.62 and the 

H-8ax and H-8eq proton resonances which appear at H 0.98 (m) and H 1.45 (m),  

respectively.  The proton resonances at positions 10, 15 and 17 are all deshielded since they 



64 

are adjacent to the nitrogen atoms at either position 1 or 16.  The 
1
H NMR resonances 

compare very well with that of 7-hydroxylupanine (A-2) and 6-hydroxylupanine (Abdel-

Halim, 1995) with the notable absence of the H-6 and H-7 proton resonances. 

 

The 
13

C NMR spectrum had twelve visible resonances, with overlapping resonances for C-3 

and C-5 at C 32.9.  This accounts for thirteen of the fifteen carbon resonances in the 

molecule, with C-6 and C-7 overlapping with the solvent peak at C 76.7 and C 77.0 

accounting for the remaining two resonances.   There were two methine carbon resonances in 

the 
13

C NMR spectrum at C 39.1 and C 66.5, consistent with that of C-9 and C-11 when 

compared to 7-hydroxylupanine (A-2).  Their corresponding proton resonances overlapped at 

H 2.62 in the 
1
H NMR spectrum.  This proton resonance showed COSY correlations to the 

two proton resonances of H-10 (equatorial and axial) and H-8 (equatorial and axial) 

supporting the assignment of H-9.  Four carbon resonances at C 27.7, C 39.1, C 66.5 and C 

172.7 showed strong HMBC correlations to the proton resonances of H-10ax and H-10eq.  

One was the carbonyl resonance at C-2 (C 172.7), two were the methine resonances of C-11 

(C 66.5) and C-9 (39.1) and the remaining methylene resonance at C 27.7 was assigned to C-

8.  COSY correlations could also be seen between H-11 and H-12 at H 1.70 and H 1.39 

respectively.  The resonances of 2H-3 and 2H-5 overlapped at H 2.62 and 2H-4 was present 

at H 1.88.  These assignments were made in comparison with 7-hydroxylupanine and were 

consistent with HMBC correlations between C-2 and both 2H-3 and 2H-4.  The 
13

C NMR 

resonances compare well with both 7-hydroxylupanine (A-2) and 6-hydroxylupanine (Table 

6). 

 

The relative stereochemistry of the molecule was determined using NOESY correlations.  In 

essence, there were NOESY correlations between the axial protons of H-9, H-10, H-8 and H-
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17 and between the axial protons of H-11, H-12, H-13 and H-14.  NOESY correlations could 

also be seen between the equatorial protons of H-13, H-14 and H-15 and H-12 and H-10.  Due 

to the small sample size isolated, further experiments to determine the absolute 

stereochemistry was not possible as all available sample was used for bioassay experiments. 

 

A-4 was isolated as a brown solid.  Its IR spectrum showed absorption bands at 2925 (C-H 

stretch) and 1655 (N-C=O carbonyl stretches).  The EIMS indicated a molecular ion peak at 

m/z 258, consistent with the molecular formula of C15H18N2O2.  The 
1
H NMR spectrum 

showed resonances typical of quinolizidine alkaloids with an -pyridone system with the 

olefinic resonances of H-3, H-4 and H-5 being present at H 6.46, 7.26 and 6.26 respectively 

with J3,4 = 8.97 Hz, J4,5 = 6.78 Hz and J3,5 = 1.28 Hz, similar to that of cytisine. Also similar 

to that of cytisine were the resonances of the two H-10 resonances at H 4.22 (d, J = 15.75 Hz, 

H-10eq) and H 3.91 (dd, J = 15.75, 6.41 Hz, H-10ax).  H-9 was identified at H 2.43 by a 

COSY correlation to H-10ax and the H-7 resonance at H 3.61 showed COSY coupling to the 

two H-8 protons at H 2.32 and 1.99.  The two non-equivalent proton resonances of H-15 

appeared at H 4.56 and 2.39, the latter being more shielded due to the shielding effects of the 

lone pair of electrons on N-16.  The H-11 resonance at H 3.32, a doublet with J = 8.79 Hz 

was seen coupled to the 2H-12 resonance at H 1.60.  The H-13ax and the 2H-14 resonances 

also overlapped at H 1.60. 

 

The 
13

C NMR spectrum showed the presence of fifteen carbon resonances with two carbonyl 

resonances at C 166.0 (C-17) and 163.5 (C-2).  This was supported by the absence of the 

methylene carbon, C-17 on comparison with thermopsine.  A comparison of the carbon NMR 

data with both thermopsine (A-12) and 17-oxo-sparteine (A-13)  (Mikhova and Duddeck, 

1998) (Table 6) shows that the resonances of C-2 to C-6 match very well with that of A-12 
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due to the similar -pyridone ring and that C-7 to C-17, the other half of the molecule, match 

very well with that of A-13.  This supports the assignment of the extra carbonyl group to C-

17.  The relative configuration of the molecule was determined by NOESY correlations 

between H-8 and H-9, H-8 and H-11, and H-9 and H-11.   

 

Table 6    
13 

C NMR data of 7-hydroxylupanine (A-2), 6,7-dihydroxylupanine (A-3), and 17-

oxo-thermopsine (A-4) with 6-hydroxylupanine (A-11) (Abdel-Halim, 1995), 

thermopsine (A-12) and 17-oxo--isosparteine (A-13) (Mikhova and Duddeck, 

1998) for comparison 

 A-2 A-3 A-11 A-4 A-12 A-13 

2 172.7 172.7 171.6 163.5 163.6 54.6 

3 32.9
#
 32.9

# 
33.1 118.2 116.4 19.6 

4 17.1 17.1 19.4 139.3 138.5 25.3 

5 32.9
#
 32.9

# 
32.4 106.6 104.4 23.0 

6 66.8 76.7* 85.5 144.0 151.6 59.2 

7 77.0* 77.0* 37.8 43.2 35.2 43.9 

8 27.9
## 

27.7 15.8 20.6 27.5 20.0 

9 39.2 39.1 34.5 32.1 32.8 35.1 

10 41.5 41.2 42.8 50.7 44.8 52.9 

11 65.0 66.5 63.9 63.5 65.9 61.8 

12 33.6 29.0 34.1 33.2 29.7 33.3 

13 27.9
## 

24.1 24.4 25.0 24.3 25.5 

14 24.6 24.9 24.6 24.9 25.2 25.6 

15 56.1 56.1 55.2 43.9 56.0 42.8 

17 63.4 56.6 54.3 166.0 63.3 172.2 

* underneath solvent peak; #, ## resonances overlap. 

 

A-5 was isolated as a white crystalline compound.  Its IR spectrum showed the presence of a 

hydroxyl group stretch at 3423 cm
-1

, a C-H stretch at 2926 cm
-1

, a C=O stretch at 1618 cm
-1 

and an aromatic C=C stretch at 1508 cm
-1

.  The low stretching frequency of the carbonyl 

stretch is due to the extended conjugated system present in the molecule.  The High 

Resolution Mass spectrum indicated a mass of 284.0679, consistent with C15H12N2O4 

(calculated 284.0797) and the EIMS showed a fragment at m/z 267 which was the loss of a 

hydroxyl group as well as the molecular ion base peak at M
+
 284. 
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The proton resonances at H 7.35 (d, J = 8.4 Hz, H-3), H 6.53 (dd, J = 8.4, 2.5 Hz, H-4), and 

H 6.39 (d, J = 2.5 Hz, H-5) revealed the presence of an -pyridone ring consistent with that 

of cytisine (A-7).   The double doublet of one of the proton resonances on the methylene 

group at H 3.59 coalesces and appears as a triplet with J9,10ax of 11.0 Hz being equal to 

J10ax,10eq.  The resonance was assigned to the axial position because it experiences the full 

effect of the nitrogen lone pair on the alpha face of the molecule, shielding this proton 

resonance more than its equatorial counterpart (Wiewiorowski et al., 1967) present at H 4.20 

(dd, J = 11.0 Hz, 5.0 Hz) as indicated in the HSQC spectrum.  For the more stable chair 

conformation to exist with rings B and C, the nitrogen lone pair must face away from the 

bridge.  The molecule therefore has a relative configuration of the bridge being beta and the 

lone pairs on the two nitrogen atoms being alpha.  The axial H-10 proton is also alpha and the 

equatorial H-10 proton beta.  As with the other samples, the absolute configuration was not 

determined due to the sample being used for biological assays. 

 

Both the H-10 resonances showed a COSY correlation with the multiplet at H 3.47 (H-9) 

which is more downfield than those observed in cytisine and N-methylcytisine where H-9 

resonated between H 2.32 and H 2.40.  The H-9 proton also showed a COSY correlation 

with the oxygenated methine resonance at H 5.45 (d, J = 7.0 Hz) which was attributed to H-8. 

This was supported by HMBC correlations between H-8 and both C-6 and C-10.   

  

There were two other more deshielded singlet resonances at H 6.41 and H 6.70.  Both these 

resonances showed HMBC correlations to the resonances at C 154.2 (C-11) and C 148.1 (C-

14), with H 6.70 showing an additional correlation to C 141.7 (C-13) and H 6.41 showing 

an additional correlation to C 112.6 (C-7).  This prompted H 6.70 to be assigned to H-12 and 
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the resonance at H 6.41 to H-16.  HMBC correlations between H-9 and both C-7 and C-11 

supported these assignments. 

 

The C-2 and C-6 resonances, both at approximately the same chemical shift were 

distinguished by HMBC correlations to H-3 and H-8 respectively.  The carbon signal at C 

101.1 and its corresponding proton resonances at H 5.90 and H 5.87, both doublets (1.5 Hz) 

was consistent with that of a methylenedioxy group which was placed at C-13 and C-14 in the 

molecule since HMBC correlations was seen between both these non-equivalent resonances to 

both C-13 and C-14.  The more deshielded carbon signal was assigned to C-14 due to the 

inductive electron withdrawing effect of both the oxygen and the nitrogen.  This is the first 

report of compound 7 and we have given it the trivial name velutinine.   

 

The results of the Minimum Inhibitory Concentration (MIC) determinations of the samples against 

against Enterococcus faecalis and Pseudomonas aeruginosa are given in  

 

Table 7. P. aeruginosa showed resistance against eight of the ten samples tested with only A-

8 and A-10 being slightly active at 200 and 175 g mL
-1

, respectively. A-10 (the steroidal 

ketone, 12-oleanen-3-one) and A-6 (the quinolizidine alkaloid, N-methylcytisine) showed 

good antibacterial activity against E. faecalis with MIC values of 10.9 and 20.8 μg mL
-1

 

respectively. Two other samples, an aromatic ester (A-8) and the lupane alkaloid, 17-oxo-

thermopsine (A-4) showed moderate antibacterial activity against E. faecalis at concentrations 

of 100 and 125 g mL
-1

, respectively.  
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Table 7   MIC values of the isolates from S. velutina subsp. zimbabweensis against E. 

faecalis and P. aeruginosa 

Compound  Average MIC (μg mL
-1

) 

Enterococcus faecalis Pseudomonas aeruginosa 

A-1 >250.00 >250.00 

A-2 >250.00 >250.00 

A-3 208.33 >250.00 

A-4 125.00 >250.00 

A-5 >250.00 >250.00 

A-6 20.83 >250.00 

A-7 >250.00 >250.00 

A-8 100.00 200.00 

A-9 >250.00 >250.00 

A-10 10.90 175.00 

Gentamicin 0.39 0.78 

 

2.3 Conclusions  

While most of the compounds isolated were inactive against both E. faecalis and P. 

aeruginosa, two compounds, N-methylcytisine (6) and 12-oleanene-3-one (10) showed good 

activity against E. faecalis.  This activity could be due to the N-methyl group in the 

quinolizidine alkaloid or the 3-keto group in the steroidal ketone.  These compounds could 

make interesting subjects for structure activity relationship studies with E. faecalis. 

 

2.4 Experimental section 

General experimental procedures 

IR spectra were recorded on a Perkin-Elmer Universal ATR Spectrometer and UV spectra on 

a Varian Cary UV-VIS Spectrophotometer. Specific rotations were measured at room 

temperature in methanol on a Perkin-Elmer
TM

, Model 341 Polarimeter with a 10 mm flow 

tube. The melting points were recorded on an Ernst Leitz Wetzer micro-hot stage melting 

point apparatus. The 
1
H, 

13
C and all 2D NMR spectra were recorded using a Bruker Avance

III
 

400 MHz spectrometer. Spectra were recorded at room temperature using either deuterated 
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methanol (CD3OD) or deuterated chloroform (CDCl3) as solvent.   For GC-MS analyses, the 

samples were analysed on an Agilent GC–MSD apparatus equipped with DB-5SIL MS (30 m 

x 0.25 mm i.d., 0.25 m film thickness) fused-silica capillary column. Helium (at 2 ml/min) 

was used as a carrier gas. The MS was operated in the EI mode at 70 eV.  High Resolution 

Mass Spectrometry was carried out by UPLC-DAD-MS with a Waters SYNAPT HDMS 

system (4KDA) consisting of a sample manager, ultra-pressure binary pump, integrated 

column oven and DAD detector connected in series to a SYNAPT G1 QTOF mass 

spectrometer and equipped with an Acquity HSS T3 Waters column (1.8 µm, 150 x 2.1 mm). 

The system was controlled through MassLynx v 4.1 SCN639. The gradient programme used 

was as follows: 5% (v/v) aqueous HPLC-gradient acetonitrile (A) in 0.1% (v/v) formic acid 

increasing to 90% acetonitrile over 15 min.  

 

The separation, isolation and purification of compounds were carried out by gravity column 

chromatography using Merck silica gel 60 (0.040-0.063 mm) and monitored by thin layer 

chromatography (TLC; Merck 20 × 20 cm silica gel 60 F254 aluminum sheets). The extracts 

were crudely separated on a 4 cm diameter column using appropriate solvent systems which 

gave the best separation on TLC. Fraction sizes of 100 mL each were collected and twenty 

fractions (a total of 2 L) were collected for each stage.   

 

Plant collection 

Fruits (including the pods), stems (including the bark) and leaves of Sophora velutina Lindl. 

subsp. zimbabweensis Gillet & Brummit were obtained from a plant cultivated in Pretoria, 

South Africa.  A voucher specimen (Crouch 780) was deposited at the KwaZulu-Natal 

Herbarium (NH) in Durban, South Africa.   
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Extraction and Isolation 

The air dried plant parts (fruits, pods and leaves) were grounded in a domestic blender or 

milled (stem and bark) and then extracted separately using a soxhlet apparatus with hexane, 

dichloromethane, ethyl acetate and methanol successively for 24 hours each.  Extraction of 

750 g of the fruits and pods yielded 47.7 g, 20.0 g, 28.4 g and 68.3 g of hexane, 

dichloromethane, ethyl acetate and methanol extracts respectively.  Extraction of 640 g of the 

leaves and 703 g of the stem and bark yielded 48.2 g, 9.3 g, 26.2 g and 83.9 g (leaves) and 7.0 

g, 2.4 g, 7.9 g, and 3.0 g (stem and bark) for the four solvents mentioned above, respectively. 

 

Isolation of compounds from the fruits and pods 

The hexane extract was eluted with 2 litres each of a hexane:dichloromethane step gradient 

100:0, 90:10, 80:20, 70:30, 60:40, 0:100 and then 1% and 2% methanol in dichloromethane.  

Fractions 91-95 were combined and further purified on a 1 cm diameter column with 35% 

dichloromethane in hexane, collecting 2 mL fractions each.  Lup-20(29)-ene-3-ol (A-9) 

(25.0 mg) eluted in fractions 24-45.  

 

The dichloromethane extract was eluted with a hexane:dichloromethane step gradient as for 

the hexane extract, followed by 1%, 2%, 3% and 5% methanol in dichloromethane.  Fractions 

90-92 was purified further with 2% methanol in dichloromethane, where N-methylcytisine 

(A-6) (21.5 mg) eluted in fractions 4-42.  Fractions 181-189 was purified with 3% methanol 

in dichloromethane where fractions 5-24 contained thermopsine (A-4) (23.3 mg).   

 

The methanol and ethyl acetate extracts were combined (as a TLC analysis showed that they 

contained similar components) and dissolved in a 1:1 mixture of methanol:water (500 ml in 

total).  This solution was then acidified with 4 M HCl to pH 4 and extracted with 3 x 250 mL 
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portions of chloroform. The chloroform extracts were combined and evaporated under 

reduced pressure to produce 67.1 g of extract A.  The aqueous phase was then basified to pH 

9 using 4 M NH4OH and extracted with 3 x 250 mL portions of chloroform.  The combined 

chloroform extracts yielded 5.6 g of extract B.  Extract A did not yield any compounds of 

interest on separation.   

 

Extract B was separated on a 2 cm column with a methanol:dichloromethane step gradient of 

100% dichloromethane (500 ml) and then 1L each of 2%, 4%, 6%, 8% and 10% methanol in 

dichloromethane, collecting 50 mL fractions.  The combined fraction 25-30 was purified 

further on a 1cm column collecting 2 mL fractions using 8% methanol in dichloromethane.  

Fractions 36 to 40 contained two compounds and were separated further using the same 

solvent.  Fraction 16 contained 6,7-dihydroxylupanine (A-3) (23.6 mg).  Fractions 32-33 were 

purified using 10% methanol in dichloromethane, where fraction 37 afforded 7-

hydroxylupanine (A-2) (52.3 mg).  Purification of fractions 51-77 with 15% methanol in 

dichloromethane resulted in N-methylenehydroxycytisine (A-1) (40.1 mg) being isolated.   

 

Isolation of compounds from the stem and bark 

The dichloromethane extract of the stem and bark (2.40 g) was separated on a 3 cm column 

sequentially using 500 mL each of a dichloromethane: methanol step gradient with 100% 

dichloromethane, and then 4%, 8%, 12%, and 15% methanol in dichloromethane. A total of 

50×50 mL fractions were collected with ten fractions being collected for each stage.  

Fractions 12-14 were combined and purified with 1% methanol in dichloromethane to 

produce methyl-3-(3’,4’-dimethoxyphenyl)-2-propenoate (A-8) (22.5 mg) in fraction 1 and 

velutinine (A-5) (20.4 mg) in fraction 2.   Although the hexane, ethyl acetate and methanol 
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extracts were also separated into various fractions, no compounds of interest were found in 

them.  

 

Isolation of compounds from the leaves 

The hexane extract of the leaves (48.2 g) was separated successively with 100% hexane and 

then 10%, 20%, 30%, 40%, 50%, 60% dichloromethane in hexane and 100% dichloromethane 

with 24 fractions being collected in each stage.  Fraction 68 was purified further with 20% 

dichloromethane in hexane to produce 12-oleanen-3-one (A-10) (32.6 mg) in fraction 2.  The 

dichloromethane extract (9.3 g) was separated with 100% dichloromethane and then 5%, 

15%, 16%, 20% methanol in dichloromethane, collecting 7 fractions of 50 mL each in each 

stage from a 3 cm diameter column.  Fractions 30-33 was separated with 16% methanol in 

dichloromethane, where cytisine (A-7) (26.0 mg) was obtained in fraction 12.  The ethyl 

acetate and methanol extracts did not contain any compounds of interest. 

 

N-Methylenehydroxycytisine (A-1) 

 Dark brown solid; m.p. 142-145 
o
C; [α] 20

D
 -320.30 (c 0.00638, CH3OH); UV λ 22

max

ClCH nm (log 

) 232 (4.81), 317 (4.94); IR cm
-1 

3424, 2931, 2855, 2784, 1654, 1560, 1549, 1141, 798, 734; 

1
H NMR (400 MHz, CDCl3) 7.22 (dd, J = 6.8, 9.0 Hz, H-4), 6.44 (d, J = 9.0 Hz, H-3), 5.63 

(d, J = 6.8 Hz, H-5), 4.00 (d, J = 15.4 Hz, H-10eq), 3.82 (dd, J = 15.4 Hz, 6.6 Hz, H-10ax), 

2.74 (H-11eq*), 2.71 (brs, H-7), 2.70 (s, 2H-14), 2.60 (d, J = 11.0 Hz, H-13eq), 2.37 (brs, H-

9), 2.25 (d, J = 9.8 Hz, H-11ax), 1.90 (d, J = 1.5 Hz, H-13ax), 1.81 (d, J = 14.3 Hz, H-8 eq), 

1.67 (d, J = 12.8 Hz, H-8ax); 
13

C NMR (100 MHz, CDCl3) 163.5 (C=O), 151.3 (C-6), 138.6 

(C-4), 116.3 (C-3), 105.0 (C-5), 79.7 (C-14), 58.7 (C-11), 57.7 (C-13), 50.0 (C-10), 34.7 (C-

7), 27.9 (C-9), 26.2 (C-8). EIMS** m/z (rel. int.): 190 (66), 160 (24), 148 (30), 147 (74), 146 

(100), 134 (22), 109 (14) 
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*Multiplicity obscure because of overlap with other resonances. 

** The molecular ion at m/z 220 could not be detected in the mass spectrum.  It is postulated 

that N-methylenehydroxycytisine is unstable and reverts to cytisine during fragmentation. 

 

7-Hydroxylupanine (A-2) 

Needle like white crystals; m.p. 197-199 C; [α] 20

D
 +22.32 (c 0.0224, CH2Cl2); UV λmax 

(CH2Cl2) nm (log ): 230 (7.57); IR cm
-1

 3427, 2931, 2857, 2761, 1672, 1352, 1168, 1121, 

1055; 
1
H NMR (400 MHz, CDCl3):  3.65-3.76 (3H, m, 2H-10, H-6), 2.92 (1H, dd, J = 13.18, 

2.57 Hz, H-17eq), 2.73 (1H, d, J = 11.35 Hz, H-15eq), 2.61 (4H, t, J = 6.51 Hz, 2H-3/2H-5), 

2.50 (1H, brs, OH), 1.96-2.07 (3H, m, H-12, H-13eq, H-15ax), 1.84-1.92 (3H, m, 2H-4, H-

17ax), 1.60 (1H, m, H-9), 1.55 (1H, m, H-14eq), 1.53 (1H, m, H-11), 1.42 (1H, m, H-14ax), 

1.38 (1H, m, H-8eq), 1.30 (1H, m, H-13ax), 1.18 (1H, m, H-12ax), 0.95 (1H, m, H-8ax);  For 

13
C NMR data see Table 6;  MS (EI, 70 eV): m/z (%) = 264 [M]

+ 
(20), 222 (12), 152 (43), 138 

(100), 110 (39), 97 (36), 83 (39). 

 

6,7-Dihydroxylupanine (A-3) 

 Brown oil; [α] 20

D
 +41.67 (c 0.00841, CHCl3); UV λ 22

max

ClCH nm (log ) 228 (5.06), 286 (5.16), 

312 (5.20); IR cm
-1

 3378, 2930, 2856, 1677, 1353, 1170, 1135, 1117; 
1
H NMR (400 MHz, 

CDCl3)  3.77 (dd, J = 12.8, 2.4 Hz, H-10eq), 3.67 (dd, J = 12.8, 9.2 Hz, H-10ax), 2.90 (d, J = 

12.0 Hz, H-17eq), 2.83 (d, J = 11.6 Hz, H-15eq), 2.62 (4H, m, 2H-3, 2H-5), 2.13 (d,  J = 14.0 

Hz, H-17ax), 2.06 (d, J = 12.0 Hz, H-15ax), 1.97 (d, J = 12.8 Hz, H-12eq), 1.88 (m, 2H-4), 

1.78 (d, J = 10.6 Hz, H-9), 1.70 (d, J = 15.9 Hz, H-11), 1.68 (m, H-14eq), 1.65 (m, H-13eq), 

1.60 (brs, H14ax), 1.45 (d, J = 13.6 Hz, H-8eq), 1.39 (d, J = 12.6 Hz, H-12ax), 1.28 (m, H-

13ax), 0.98 (m, H-8ax); For 
13

C NMR data see Table 6; EIMS m/z (rel. int.): 280 [M]
+
(20), 
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154 (100), 126 (34), 96 (32), 55 (24); HREIMS 280.1748 [M]
+
 (280.1787 calculated for  

C15H24N2O3).   

 

17-Oxo-thermopsine (A-4)  

Brown solid; m.p. 215-217 C; [α] 20

D
 -83.33 (c 0.0012, CH2Cl2); UV λmax (CH2Cl2) nm (log 

): 228 (6.96), 315 (7.28); IR cm
-1

 2926, 2856, 2360, 1655, 1544, 1444, 1260; 
1
H NMR (400 

MHz, CDCl3):  7.26 (1H, dd, J = 8.97, 6.78 Hz, H-4), 6.46 (1H, dd, J = 8.97, 1.28 Hz, H-3), 

6.26 (1H, dd, J = 6.78, 1.28 Hz, H-5), 4.56 (1H, dd, J = 11.35, 2.20 Hz, H-15eq), 4.22 (1H, d, 

J = 15.75 Hz, H-10eq), 3.91 (1H, dd, J = 15.75, 6.41 Hz, H-10ax), 3.61 (1H, d, J = 2.56 Hz, 

H-7), 3.32 (1H, d, J = 8.79 Hz, H-11), 2.43 (1H, m, H-9), 2.39 (1H, dd, J = 13.00, 2.75 Hz, H-

15ax), 2.32 (1H, d, J = 13.55 Hz, H-8eq), 1.99 (1H, dd, J = 13.55, 3.13 Hz, H-8ax), 1.96 (m, 

H-13eq), 1.60 (5H, m, 2H-12, H-13, 2H-14); For 
13

C NMR data see Table 6;  MS (EI, 70 eV): 

m/z (%) = 258 [M]
+ 

(66), 147 (64), 146 (100), 112 (71), 84 (43). 

 

Velutinine (A-5)  

Dark brown solid; m.p. 105-107 
o
C; [α] 20

D
 -2.91 (c 0.00852, CH2Cl2); UV λ 22

max

ClCH nm (log ) 

227 (6.19), 286 (6.29), 312 (6.33); IR cm
-1

 3423, 2926, 1618, 1508, 1498, 1474, 1342, 1289, 

1118, 1034, 836; 
1
H NMR (400 MHz, CDCl3)  7.35 (d, J = 8.4 Hz, H-4), 6.70 (s, H-12), 6.53 

(dd, J = 8.4, 2.5 Hz, H-3), 6.41 (s, H-16), 6.39 (d, J = 2.5 Hz, H-5), 5.90 (d, J = 1.5 Hz, H-

17a), 5.87 (d, J = 1.5 Hz, H-17b), 5.45 (d, J = 7.0 Hz, H-8), 4.93 (s, OH), 4.20 (dd, J = 11.0, 

5.0 Hz, H-10eq), 3.59 (t, J = 11.0 Hz, H-10ax), 3.47 (m, H-9); 
13

C NMR (100 MHz, CDCl3)  

157.0 (C-2), 156.6 (C-6), 154.2 (C-11), 148.1 (C-14), 141.7 (C-13), 132.1 (C-4), 117.8 (C-7), 

109.7 (C-3), 104.7 (C-12), 103.6 (C-5), 101.3 (C-17), 93.8 (C-16), 78.4 (C-8), 66.4 (C-10), 

40.1 (C-9); EIMS m/z (rel. int.): 284 [M]
+
(6), 270 (100), 255 (29), 207 (21), 161 (9), 148 (15), 

135 (9); HREIMS 284.0679 [M]
+
 (284.0797 calculated for C15H12N2O4).  
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Antibacterial assay 

The bacterial strains used were the Gram-negative Pseudomonas aeruginosa (ATCC25922) 

and the Gram-positive Enterococcus faecalis (ATCC29212). Both organisms were maintained 

in Muller Hinton (MH) Broth overnight. 

 

The samples were dissolved in acetone to a known concentration (1.0 mg mL
-1

) prior to 

testing, except for A-10 and A-8 which were prepared at 0.7 mg mL
-1

 and 0.8 mg mL
-1

, 

respectively. The antibacterial assays followed the format of the serial microdilution assay of 

Eloff (1998). Two-fold serial dilutions of the samples (100 L) were prepared in wells of 96-

well microtitre plates.  Bacterial cells (100 L of an overnight culture) was then added to each 

well before incubation for 24 hours at 37 C. Iodonitrotetrazolium chloride (INT, Sigma, 40 

L of a 0.2 mg mL
-1

 solution) was added to each well as an indicator of bacterial growth.  

INT, a colourless tetrazolium salt is converted to a red-coloured formazan product by actively 

dividing cells.  The minimum inhibitory concentration (MIC) was visually read as the lowest 

concentration of sample that inhibited microbial growth, as indicated by a visible reduction in 

the red colour of the INT formazan.  In each assay a negative solvent control and a positive 

control were included.  Gentamicin (Sigma) was used as the antibacterial agent. The samples 

were tested in triplicate. 
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Abstract 

The isoflavones, 4′,5,7-trihydroxyisoflavone (B-1), 7,3′-dihydroxy-5′-methoxyisoflavone (B-

2), 7-hydroxy-4′,8-dimethoxyisoflavone (B-3), 7-acetoxy-4′,8-dimethoxyisoflavone (B-4) and 

3',7-dihydroxy-4′,8-dimethoxyisoflavone (B-5), a pterocarpan (3-acetoxy-9-

methoxypterocarpan) (B-6) and a quinolizidine alkaloid (calpurnine) (B-7) were isolated from 

the stem and bark of Calpurnia aurea.  These isoflavones were screened for in vitro 

anticancer activity against breast (MCF7), renal (TK10) and melanoma (UACC62) human 

cell lines, where B-5, with an added hydroxyl group on the phenyl ring was found to be the 

most active amongst all the compounds tested, followed by B-2, also with a hydroxyl and 

methoxy group on the phenyl ring but in the 3' and 5' positions and not the 3' and 4' positions 

as in B-5.   

Keywords: Calpurnia aurea, Fabaceae, 5,6′-dihydroxy-2′,6-dimethoxyisoflavone, anti 

cancer. 
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3.1 Introduction 

Calpurnia aurea (Ait.) Benth. is a shrub to slender tree of up to 15 m tall, widespread along 

the east coast of Africa, throughout which range it is used in traditional medicine and for 

various utilitarian purposes. The genus Calpurnia E. Mey. is currently assigned to the tribe 

Podalyrieae of the Papilionaceae subfamily (van Wyk, 2005).  It was initially considered to 

belong to the Sophora group of the primitive tribe Sophoreae sensu Polhill (1981) but later 

studies transferred Calpurnia to the tribe Poldalyrieae (Polhill et al., 1994; van Wyk and 

Schutte, 1995).   

 

It is used by the Shinasha people of Northern Ethiopia to treat amoebiasis and giardiasis while 

the Amhara people from the same region use the leaves to treat malaria and the seeds to treat 

hypertension while a combination of the leaves and seeds are used to treat diarrhoea, rabies 

and diabetes (Giday et al., 2007).  The plant has also been used as an insecticide to kill lice 

(Palmer and Pitman, 1972; Waka et al., 2004), to induce uterine contractions (Desta et al. 

1994), and to treat coughs, amoebic dysentery, syphilis, leishmaniasis, tapeworm, trachoma, 

ringworm, scabies, elephantiasis, abscesses and wounds as well as stomach ache, vomiting, 

headache and eye diseases (Jansen 1981; Abebe, 1986; Asres et al., 2001; Tadeg et al., 2005; 

Teklehaymanot and Giday, 2007).  Both in East and southern Africa, plant extracts are 

employed in treating wounds infested with maggots (Palmer and Pitman 1972; Kokwaro, 

1976), to the extent that its Zulu name is umKhiphampethu, meaning “maggot-extracter”. Its 

widespread application for diverse ethnomedicinal uses has made it a subject for many 

pharmacological (e.g. Desta et al., 1994) and phytochemical studies.    

 

Pharmocological studies have shown that the methanol extracts of the leaves and stems of C. 

aurea have good antibacterial and antioxidant properties (Tadeg et al., 2005; Adedapo et al., 
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2008), validating its traditional use for a range of microbial infections.  Insecticidal activity 

was also shown by the methanol and water extracts against the rice weevil (Sitophilus oryzae) 

(Louis et al., 2007), in keeping with its ethnobotanical use against lice and maggots.  The oil 

extract of the dried leaves was observed to attract and be toxic to two species of ticks, 

Rhipicephalus pulchellus and Rhipicephalus appendiculatus, revealing a potential application 

as an acaricidal trap bait (Nana et al., 2010; Zorloni et al., 2010). 

 

There are seven Calpurnia species (eight taxa) (Beaumont et al., 1999) of which only one, C. 

aurea (syn. Calpurnia subdecandra (L’Hérit.) Schweick.) has been investigated for its 

phytochemical constituents.  A literature survey on the species C. aurea shows several 

previous investigations of the plant under subspecies aurea and sylvatica.  However, C. aurea 

subsp. sylvatica (Burch.) Brummitt is no longer considered distinct from C. aurea subsp. 

aurea and has accordingly been synonymised (Beaumont et al., 1999). The Indian endemic C. 

aurea subsp. indica Brummitt, is though, still recognised. Two early phytochemical studies of 

C. aurea subsp. aurea reported the isolation of agglutinins from the seeds to antigens A and B 

of human erythrocytes (Bird, 1957; Potapov, 1968), whilst a third (as syn. C. subdecandra) 

yielded the novel quinolizidine alkaloid, calpurnine (Goosen, 1963).  Subsequent 

investigations reported several more quinolizidine alkaloids, characteristic chemotaxonomic 

markers for the Fabaceae. 

  

The quinolizidine alkaloids 13-hydroxylupanine and its angelate and tiglate esters and 

virgiline and its pyrrolecarboxylic acid ester were first isolated from the leaves and twigs of 

the Ethiopian C. aurea subsp. aurea, along with the previously reported calpurnine (van Eijk 

and Radema, 1977).  Shortly thereafter, these same compounds as well as calpurmenine and 

its 13-pyrrolylcarboxyl ester were found in South African material of C. aurea (as subsp. 
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sylvatica) (Radema et al., 1979).  A subsequent reinvestigation of the leaves of Ethiopian C. 

aurea subsp. aurea (Asres et al., 1986a; 1986b) revealed the presence of calpurmenine and its 

13-pyrrolylcarboxyl ester, resulting in a total of seven compounds common to both South 

African and the Ethiopian chemotypes as well as an additional six alkaloids, epilupanine, 

lupinine, 3,4,13-trihydroxylupanine, 3,4-dihydroxy-13-O-(2'-pyrrolylcarbonyl)-

lupanine (calpaurine), 4-hydroxy-13-O-(2'-pyrrolylcarbonyl)-lupanine (digittine) and 

4,13-dihydroxylupanine.  Along with the previously isolated O-(2-pyrrolylcarbonyl) 

virgiline, the 2,3-dehydro-O-(2-pyrrolylcarbonyl) virgiline was also isolated (Kubo et al., 

1984), bringing the total number of quinolizidine alkaloids isolated from C. aurea subsp. 

aurea to 15.    

 

Apart from the quinolizidine alkaloids, the flavonoids vicenin-2 (6,8-di--D-glucopyranosyl-

5,7,4'-trihydroxyflavone), butin (7,3',4'-trihydroxyflavanone) and 3'-hydroxydaidzein (7,3',4'-

trihydroxyisoflavone) were isolated from the seeds of C. aurea, in keeping with flavonoids 

being the other major class of compounds consistently found in the Fabaceae (de Nysschen et 

al., 1998).   

 

Since there have no previous reports on the wood and stem bark of C. aurea, we have carried 

out a phytochemical analysis of these components to enable a more complete phytochemical 

analysis of this species.  We report herein the isolation of five isoflavonoids, a pterocarpan 

and a quinolizidine alkaloid from the stem and bark of C. aurea as well as the anticancer 

activity of the isolated isoflavonoids.  Isoflavones and in particular genistein (5,7,4'-

trihydroxyisoflavone) are known to possess antitumor effects (Barnes, 1997) by preventing 

the formation of hormone induced breast cancer (Bruneton, 1995).  Since the isoflavones here 
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isolated from C. aurea were all substituted at the 7 and 4' positions, they were ideal 

candidates for the evaluation of their anticancer activity. 

 

3.2 Results and Discussion 

The stem and bark hexane extract yielded the widely studied genistein (4',5,7-

trihydroxyisoflavone) (B-1) (Wang et al., 1999; Dixon and Ferreira, 2002), 5',7-dihydroxy-3'-

methoxyisoflavone (B-2) (An et al., 2008; Li et al., 2009), 7-hydroxy-4',8-

dimethoxyisoflavone (8-O-methylretusin; isoafrormosin) (B-3) (Jurd et al., 1972; Hayashi 

and Thomson, 1974; Harper et al., 1976; Chen et al., 1983), 7-acetoxy-4',8-

dimethoxyisoflavone (B-4) and 3',7-dihydroxy-4',8-dimethoxyisoflavone (B-5) (Harper et al., 

1976; de Oliveira et al., 1978; Albuquerque et al., 1981), along with a pterocarpan, 3-acetoxy-

9-methoxypterocarpan (B-6) (Al-Ani et al., 1984) and a quinolizidine alkaloid calpurnine (B-

7) (Asres, et al., 1986a) (Figure 3).    

 

To our knowledge, this is the first report of B-4 from a plant source.  Other reports contain 

information on the tri-acetylated 7-hydroxy-4',8-dimethoxyisoflavone (Jurd et al., 1972; 

Hayashi and Thomson, 1974; Harper et al., 1976; Chen et al., 1983).  The NMR data reported 

in Hayashi and Thomson (1974) for both compounds B-3 and B-4 are erroneous in that the 

assignments of the two methoxy resonances must be interchanged (8-OCH3 should be at H 

4.06 and 4'-OCH3 at H 3.90), since our NOESY data shows that the 4'-methoxy resonance 

shows a NOESY correlation to the H-3'/5' resonance at H 6.90.   

 

The five isolated isoflavones were either tri- or tetra-substituted at positions 5, 7 and 8 on the 

A ring and 3', 4' or 5' on the phenyl ring (ring C).  Biosynthetically, substitution at the 5 and 7 

positions occur readily because of the polyketide pathway, however species within the 
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Sophoreae have also been popularly substituted at the 7 and 8 positions as well as at the 3' and 

4' positions on the phenyl ring (Harper et al., 1976; Albuquerque et al., 1981; Bezuidenhout et 

al., 1988), consistent with the isoflavones isolated from C. aurea in this work.  It is highly 

likely that the isoflavones B-3-B-5 follow the same biosynthetic pathway and most probable 

that B-1 and B-2 is also linked to this pathway prior to dehydroxylations and 

demethoxylations taking place en route to B-3-B-5.   The other isoflavonoid isolated from the 

seeds, 3'-hydroxydaidzen (de Nysschen et al., 1998), is also hydroxylated at the 7, 3' and 4' 

positions.  Furthermore, the isolation of B-1, B-3 and B-5 from Monopteryx inpae W.A. 

Rodrigues (Albuquerque et al., 1981) and B-3 and B-5 from Xanthocercis zambesiaca 

(Baker) Dumaz-le-Grand (Harper et al., 1976) of the Sophoreae,  demonstrate the relatively 

close relationship of the tribes Podalyrieae and Sophoreae within the subfamliy 

Papilionoideae. 

 

The anticancer activity of the isoflavonoids B-2-B-5 are shown in Table 8 in the form of the 

response parameters GI50, Total growth inhibition (TGI) and LC50, which are interpolated 

values from the concentration response curves where the net percentage growth is plotted 

against the concentration of each compound and represents the concentrations of the 

compounds in g/mL at which the net percentage growth is +50, 0 and -50, respectively.  Due 

to insufficient amounts isolated, genistein (B-1) was not subject to the anticancer screening. 

 

All the tested compounds exhibited concentration-dependendent inhibition up to 100 μg/mL, 

with compounds B-2, B-3 and B-5 being most active against the melanoma (UACC-62) cell 

line with GI50 values of 31.01, 40.14 and 27.35 g/mL (Table 8).  Compounds B-2 and B-5 

were also active against the breast (MCF-7) cell line with GI50 values of 45.51 and 31.92 

g/mL.  From all the compounds tested, compound B-5 seemed to have the best overall 



86 

activity in all three cell lines having the lowest GI50 in each at 45.81, 27.35 and 31.92 g/mL 

and was the only compound of those tested to show TGI for all three cancer cell lines at 

below 100 g/mL and a TGI for the melanoma (UACC-62) cell line of 52.49 g/mL.   
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Figure 3  Compounds isolated from Calpurnia aurea 

 

Structurally, B-3-B-5 are all methoxylated at both the 8 and 4' positions with B-4 being 

acetylated at C-7 whereas the others are hydroxylated at C-7.  B-5 also contains an extra 

hydroxyl group at the 3' position on the phenyl ring and this added hydroxyl group resulted in 

improved anticancer activity.  Acetylation at C-7 however led to a loss of activity as seen in 
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B-4, which was the most inactive of all the compounds tested.  B-2 had a unique substitution 

pattern to the other three compounds tested, in that it was the only isoflavone not to be 

methoxylated at C-8 and C-4'.  Nevertheless, hydroxylation at C-7 and methoxylation and 

hydroxylation at each of the meta positions on the phenyl ring resulted in better activity than 

all the other isoflavones tested with the exception of B-5. 

 

Table 8   Growth Inhibition values for compounds B-2-B-5 against TK-10, UACC-62 and 

MCF-7 cell lines. 

Compound concentration-

response 

parameters 

Line 1 (TK-10) 

Renal 

Line 2 (UACC-62) 

Melanoma 

Line 1 (MCF-7) 

Breast 

B-2 GI50 50.57 31.01 45.51 

 TGI N/A 60.28 78.40 

 LC50 N/A 89.55 N/A 

B-3 GI50 55.44 40.14 69.05 

 TGI N/A 90.41 N/A 

 LC50 N/A N/A N/A 

B-4 GI50 69.89 53.34 66.19 

 TGI N/A N/A N/A 

 LC50 N/A N/A N/A 

B-5 GI50 45.81 27.35 31.92 

 TGI 91.06 52.49 57.22 

 LC50 N/A 77.62 82.52 

Etoposide GI50 4.88 0.74 0.57 

 TGI 36.77 16.41 N/A 

 LC50 85.38 84.58 N/A 

 

It is reported that isoflavones from soybean also have preventive anticancer activity and that 

the methylated isoflavones (glycitein, biochanin A and formononetin) have much greater 

anticancer activity than those without methyl groups (Walle et al., 2007). Studies suggest that 
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isoflavones with methoxy groups appear to have more beneficial qualities than their non-

methylated counterparts and have been shown to be more bioavailable and biologically stable 

than the hydroxylated isoflavones (Wen et al., 2006).  This may account for the anticancer 

activity shown by the isolates of C. aurea in this work as all the tested compounds were 

methoxylated at some point on the skeletal framework. 

 

3.3 Experimental  

General experiment procedures: The melting points were recorded on an Ernst Leitz Wetzler 

micro-hot stage melting point apparatus. UV spectra were recorded on a Varian Cary UV-VIS 

spectrophotometer and IR spectra were recorded on a Perkin-Elmer Universal ATR 

spectrometer. The 
1
H, 

13
C and all 2D NMR spectra were recorded using a Bruker Avance

III
 

400 MHz spectrometer at room temperature using either deuterated methanol (CD3OD) or 

deuterated chloroform (CDCl3) as solvent. Specific rotations were measured at room 

temperature in methanol on a PerkinElmerTM, Model 341 polarimeter with a 10 mm flow 

tube. For GC-MS analyses, the samples were analysed on an Agilent GC–MSD apparatus 

equipped with DB-5SIL MS (30 m x 0.25 mm i.d., 0.25 µm film thickness) fused-silica 

capillary column. Helium (at 2 ml/min) was used as a carrier gas. The MS was operated in the 

EI mode at 70 eV.  The separation, isolation and purification of compounds were carried out 

by gravity column chromatography using Merck silica gel 60 (0.040-0.063 mm) and 

monitored by thin layer chromatography (TLC; Merck 20 × 20 cm silica gel 60 F254 

aluminum sheets).  

 

Plant collection and extraction  

The stem and bark of Calpurnia aurea (Ait.) Benth. was obtained from a cultivated specimen 

in Kloof, Durban.  A voucher specimen (N. Crouch 1279, NH) was deposited at the 
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KwaZulu-Natal Herbarium, Durban, South Africa for verification purposes.  The stem and 

bark was milled and then extracted separately using a soxhlet apparatus with hexane, 

dichloromethane, ethyl acetate and methanol successively for 24 hours each.  The dry milled 

stem and bark (651.8 g mass) yielded 3.2 g, 3.4 g, 10.7 g, and 72.1 g extracts for each of the 

four solvents mentioned above. 

   

Separation and purification  

The hexane extract of the stem and bark (3.2 g) was separated successively with 100% hexane 

and then a hexane : dichloromethane step gradient (10% increments up until 100% 

dichloromethane), with 20 fractions of 100 mL being collected in each stage off a 4 cm 

diameter column.  Further purifications were carried out in 1 cm diameter columns collecting 

5 mL fractions.  Fraction 10 was purified further with 15% dichloromethane in hexane to 

produce 7-acetoxy-4′,8-dimethoxyisoflavone (40.1 mg) (B-4) in fraction 21-22. Fraction 42 

was purified further using the same solvent system to afford 3-acetoxy-9-methoxypterocarpan 

(42.7 mg) in fractions 7-9. 

 

The dichloromethane extract of the stem and bark (3.40 g) was separated on a 3 cm diameter 

column sequentially using 1 L each of a dichloromethane:methanol step gradient with 100% 

dichloromethane, and then 2%, 4%, 6% and 8% methanol in dichloromethane. A total of 50 × 

100 mL fractions were collected with ten fractions being collected for each stage.  Subsequent 

purifications were carried out on 1 cm diameter columns collecting 5 ml fractions.  Fraction 8 

was purified with 1% methanol in dichloromethane, where fraction 3 was further purified 

with the same solvent system to afford 7-hydroxy-4′,8-dimethoxyisoflavone (B-3) (49.6 mg) 

in fractions 14-17. Fraction 32 of the crude column was also purified with 1% methanol in 

dichloromethane to produce 3',7-dihydroxy-4',8-dimethoxyisoflavone (B-5) (46.7 mg) in 
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fraction 40-48. Fractions 41-50 of the crude column were combined and purified further with 

1% methanol in dichloromethane to produce 3',7-dihydroxy-5'-methoxyisoflavone (B-2) (37.4 

mg) in fraction 3-7. 

 

TLC analysis of ethyl acetate and methanol extracts had similar components and these 

extracts were combined and separated with a dichloromethane: ethyl acetate step gradient of  

100:0, 90:10, 80:20, 60:40, 40:60, 0:100 in a 3 cm column with a total of 120 fractions being 

collected (20 x 50 ml fractions for each gradient). Purifications were carried out on 1 cm 

diameter columns collecting 5 ml fractions.  Fractions 12-15 were combined and purified 

further with 2% methanol in dichloromethane to afford genistein (4',5,7-trihydroxyisoflavone) 

(B-1) (48.9 mg) in fractions 12-15.  Fractions 8-10 were combined and purified with 2% 

methanol in dichloromethane to afford calpurnine (B-7) (39.8 mg) in fractions 69-74. 

 

Compounds B-1-B-7 were identified from their 
1
H and 

13
C NMR, IR, UV and MS data as 

well as their physical characteristics and melting points and verified by comparing the data to 

those found in the literature. 

 

Anticancer activity 

Anticancer screening was carried out using a method developed by the national cancer 

institute and transferred to the CSIR (South Africa) in 1999 and known as the three cell 

prescreening method (Fouche et al., 2006; 2008).  Breast (MCF-7), renal (TK-7) and 

melanoma (UACC-62) cell lines were chosen due to their high sensitivity to detect anticancer 

activity (Fouche et al., 2008).  The three cell lines were grown in Roswell Park Memorial 

Institute 1640 (RPMI 1640) medium containing 5% fetal bovine serum and 2 μM L-

glutamine.  The cells were then inoculated into 96-well microtiter plates with densities 
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ranging between 5,000 and 40,000 cells per well. A volume of 100 μL of the medium was 

introduced into the microtiter plates and subsequently incubated at 37
o
C in a 5:95 (carbon 

dioxide: air) atmosphere with 100% relative humidity for 24 hours. 

 

The test compounds were dissolved in dimethyl suphoxide (DMSO) and added to the cells at 

concentrations ranging between 0.001 μg/mL and 100 μg/mL. The cells were then incubated 

for 48 hours at 37 °C in a humidified atmosphere, followed by the fixing of the cells in situ 

with trichloroacetic acid (TCA) and staining with 100 μL sulforhodamine B (SRB) solution. 

Unbound dye was removed by washing with 1% acetic acid and air drying the plates. Bound 

stain was solubilized with 10 μM trizma base and the optical density was read on an 

automated plate reader at a wavelength of 540 nm.  

 

The percentage growth of human tumor cells was determined spectrometrically by measuring 

the difference in optical density of the control (C) at the start (T0) and end of drug exposure 

(T). If T> To either no effect is experienced or inhibition occurs.  Inhibition occurs if T<C and 

no effect is experienced if T=C (Monks et al., 1991).  The concentration-response parameters, 

GI50 (the concentration at which the growth of the cell is inhibited by 50%) and LC50 (the 

concentration at which 50% of the cells are killed) are calculated using T, T0 and C where 

GI50 is the concentration at which (T-T0)/(C-T0) = 0.5 and LC50 is calculated as (T-T0)/(C-T0) 

= -0.5.  The total growth inhibition (TGI) value symbolizes cytostatic activity and refers to the 

concentration at which total cell growth is inhibited (i.e. T = T0).  The calculations of the 

concentration-response parameters required for plotting the concentration-response curves 

were performed at the CSIR (Pretoria, South Africa). 
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3.4 Conclusion 

The stem and bark of C. aurea was investigated phytochemically for the first time and yielded 

a quinolizidine alkaloid, calpurnine found in other parts of the plant as well five isoflavones 

and a pterocarpan.  Isoflavones were only found in the seed of C. aurea previously and all the 

isoflavones isolated in this work as well as the pterocarpan were isolated for the first time 

from this source.  These findings show the close chemical relationship between the 

Podalyrieae and the Sophoreae in that three of the isoflavones were common to both tribes.  

Furthermore, the isoflavones were shown to have moderate activity against the renal, 

melanoma and breast cancer cell lines tested against, with the 7-hydroxy-8-methoxy 

substitution on the chromone ring and 3'-hydroxy-4'-methoxy substitution on the phenyl ring 

as in compound B-5 showing the best activity. 
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Chapter 4. CONCLUSION 

The phytochemical analysis of Sophora velutina subsp. zimbabweensis yielded three novel 

quinolizidine alkaloids, 6,7-dihydroxylupanine and N-methylenehydroxycytisine isolated 

from fruits and pods, and velutinine from the stem bark along with the known quinolizidine 

alkaloids, N-methylcytisine, thermopsine, 7-hydroxylupanine, cytisine, and triterpenoids, lup-

20(29)-ene-3β-ol and 12-oleanen-3-one and methyl-3-(3',4'-dimethoxyphenyl)-2-propenoate. 

 

It is important to note that the antibacterial activity studies against both E. faecalis and P. 

aeruginosa only compounds 12-oleanen-3-one and N-methylcytisine showed good activity 

against E. faecalis with MIC values of 10.9 and 20.8 μg mL
-1

.  The other compounds tested 

exhibited low to moderate antibacterial activity. This activity could be due to the N-methyl 

group in the quinolizidine alkaloid or the 3-keto group in the steroidal ketone.  These 

compounds could make interesting subjects for structure-activity relationship studies with E. 

faecalis.  These results could also validate the use of the plant as a mild antibacterial, however 

cytoxicity tests on the extract would need to be carried out before this becomes common 

practice as alkaloids are known to be cytotoxic.  Derivatisation of the two active compounds 

to develop them into better antibiotics is a subject for future work. 

 

Previous phytochemical studies reported in the literature on Calpurnia aurea was done on the 

roots and leaves of this plant.  Hence we carried out a phytochemical analysis of wood and 

stem bark of this species.  The results of the study resulted in the isolation of five 

isoflavanoids, a pterocarpan and a quinolizidine alkaloid.  Isoflavones were only found in the 

seed of C. aurea previously and all the isoflavones isolated in this work as well as the 

pterocarpan were isolated for the first time from this source.  These findings show the close 
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chemical relationship between the Podalyrieae and the Sophoreae in that three of the 

isoflavones were common to both tribes. 

 

When the isoflavones were subjected to a variety of cancer cell lines they generally showed 

moderate activity against the renal, melanoma and breast cancer cell lines, with the 7-

hydroxy-8-methoxy substitution on the chromone ring and 3'-hydroxy-4'-methoxy 

substitution on the phenyl ring as in compound 3',7-dihydroxy-4',8-dimethoxyisoflavone 

which had best activity. 
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SUPPORTING INFORMATION 

The supporting information for this thesis is contained in two appendices.  Appendix A 

contains the 1D and 2D NMR data for each of the compounds isolated from Sophora velutina 

as well as their IR, UV and MS data.  Appendix  B contains the same data for each of the 

compounds isolated from Calpurnia aurea. 

Appendix A 

NMR, UV, IR and MS data are presented for the following compounds isolated from Sophora 

velutina subsp. zimbabweensis 

N-methylenehydroxycytisine A1;  7-hydroxylupanine A2;  6,7-dihydroxylupanine A3;  17-

oxo-thermopsine A4;  velutinine A5;  N-methylcytisine A6;  cytisine A7;  methyl-3-(3',4'-

dimethoxyphenyl)-2-propenoate A8;  lupeol A9 (not UV and MS);  12-oleanen-3one A10 

(not MS) 

Appendix B 

NMR, UV, IR and MS data are presented for the following compounds isolated from 

Calpurnia aurea 

7,3'dihydroxy-5'-methoxyisoflavone B1;  4',5,7-trihydroxyisoflavone B2; 7-hydroxy-4',8-

dimethoxyisoflavone B3; 7-acetoxy-4',8-dimethoxyisoflavone B4; 3',7-dihydroxy-4',8-

dimethoxyisoflavone B5;  3-acetoxy-9-methoxypterocarpan B6; calpurnine B7 
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